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... Secondary disturbances certainly are very 
frequently occasioned by the detachment of larger or 
smaller fragments from the end of the softening 
thrombus which are carried along by the current of 
blood and driven into remote vessels. This gives rise 
to the very frequent process upon which I have 
bestowed the name of Embolia. . . Thus we see that as 
arule all the thrombi from the periphery of the body 
produce secondary obstructions and metastatic de- 
posits in the lungs. —Virchow, 1858. 


Since the pathologic observations of Vir- 
chow, immediately substantiated by the 
excellent clinical descriptions of Charcot and 
Ball and of Trousseau, innumerable papers 
have been published on the incidence, pa- 
thology, and clinical manifestations of pul- 
monary embolism. However, after 100 years, 
our concept of the fundamental thrombotic 
changes which may lead to pulmonary em- 
bolism rests on the postulates which Virchow 
proposed: (1) trauma to the vein wall, 
(2) venous stasis, (3) changes in the co- 
agulability of the blood; little has been 
added to this century-old concept. Like- 
wise, the clinicopathologic observations of 
Trousseau have not been surpassed. The 
case descriptions included in his lectures 
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are so classic that they could well serve as 
the subject for a clinicopathologic con- 
ference today. 

For a number of years our hospital has 
had a unit which offers consultation on the 
diagnosis and treatment of thromboembolic 
disease. Over the course of years we have 
become impressed with the vagaries in 
signs and symptoms of both venous throm- 
bosis and pulmonary embolism and with 
our frequent inability to make a definitive 
clinical diagnosis of these entities. Although 
our results with anticoagulant therapy of 
thromboembolic disease seem to have been 
responsible for the salvage of patients who 
might otherwise have died from fatal pul- 
monary embolism (4), the total number of 
deaths from pulmonary emboli has been 
little altered, largely because we have failed 
to diagnose the great majority of thrombo- 
embolic phenomena prior to the patient’s 
death from embolism. In addition, it is our 
clinical impression that the nonspecific meas- 
ures (oxygen and papaverine) presently 
available for the treatment of the acute 
phase of pulmonary embolism have not 
altered the immediate mortality; antico- 
agulant therapy following pulmonary em- 
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bolism is only of value in the prevention of 
subsequent emboli in a patient who has not 
succumbed to the first embolus. 

Subsequent pathologic demonstration of 
our repeated clinical failures in diagnosis 
has made us realize that the true frequency 
of pulmonary embolism (and _ therefore, 
venous thrombosis as well) is much higher 
than most clinicians realize. It was because 
of these facts that an extensive autopsy 
survey of pulmonary embolism was carried 
out. The general objectives were as follows: 
(1) to attempt to improve our clinical 
diagnostic accuracy through a better under- 
standing of the type and frequency of 
various symptoms, signs, and radiologic find- 
ings; (2) to clarify our treatment philosophy 
in pulmonary embolism by obtaining more 
knowledge concerning time relationships 
between embolism and death and the in- 
cidence of pulmonary infarction per se; (3) 
to accumulate more information concerning 
epidemiologic factors associated with this 
disease with the hope that such information 
might not only aid in diagnosis but might 
also contribute to a more rational program 
of prophylaxis in selected patients carrying 
a high risk of death from pulmonary em- 
bolism. 

A large consecutive autopsy series was 
chosen in order to secure maximal diagnostic 
accuracy totally unobtainable with a clinical 
case series. It is realized that inaccuracies 
in diagnosis arise from pathologic examina- 
tion as well, since an awareness on the part 
of the prosector is necessary before suspicious 
clots in the pulmonary arterial system are 
selected for microscopic study to determine 
whether they are antemortem or postmortem 
in character. However, what inaccuracy 
exists is on the side of reporting too low 
a frequency of pulmonary embolism rather 
than too high a frequency. 


METHODS 


All autopsies performed at the University 
of Michigan Hospital during the 10 year 
period from January 1, 1945 through De- 
cember 31, 1954 were individually reviewed. 
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The only cases excluded from this study 
were incomplete autopsies and stillbirth, 
All other cases were included. The mea 
autopsy rate over this 10 year period wa 
68.6 per cent. The complete clinical records 
of all patients with pulmonary embolism 
were also reviewed except for 11 patient 
with pulmonary embolism who had medico. 
legal autopsies and had not been admitted 
to the hospital. Further data on the ap. 
proach to the analysis of certain possible 
epidemiologic factors will be presented in 
the near future. All patients with other 
than true emboli of thrombotic origin wer 
not considered as having pulmonary en: 
bolism for purposes of this study. This ex- 
cluded fat and carcinoma cell emboli ani 
cases which the pathologist thought, from 
the nature of associated lesions, were tru: 
pulmonary artery thrombosis rather thar 
emboli. 


RESULTS 


During the 10 year period from 1945 
through 1954 there were 4,391 complete 
autopsies on live births. Of this group oi 
patients 606 had pulmonary arterial emboli, 
a total gross incidence of 13.8 per cent. 


Clinical significance of pulmonary emboli. Av} 


important question posed by this high in: 
cidence of pulmonary embolism concern: 
the number of emboli which were trul 
significant in affecting the clinical course. 
‘The autopsy and available clinical record: 
of the 606 patients were assessed with re- 
gard to the severity of associated disease 
and the prognosis on the basis of this disease; 
in addition, the nature of the terminal 
episode, size, number, and location of em- 
boli were considered. An attempt was made 
to evaluate the role played by the pul 
monary embolus or emboli in producing 
death. Admittedly, an evaluation on this 
basis is in part subjective, and the figures 
obtained must be considered to be relative 
values. 

The pulmonary embolus was thought to 
be the sole immediate cause of death in 
198 patients, a contributory factor in pro- 
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ducing death in 190, and of minor sig- 
nificance in 218 patients. Although, in some 
of the patients in the first two categories, 
pulmonary embolism played a role in the 
immediate cause of death, associated disease 
would have resulted in a very short-term 
prognosis. For this reason, these patients 
were also subdivided by the following tech- 
nique: embolus sole cause of death (long- 
term prognosis excellent), 131; patient’s sur- 
vival in doubt—patient may have survived 
had embolus not occurred, 134; no effect 
of embolus on long-term survival (minor 
emboli, and major emboli in patients with 
hopeless prognosis), 341. 

The following conclusions might be drawn 
from the above data. Almost two-thirds of 
this group of patients with pulmonary em- 
bolism had emboli which were thought to 
play a significant role in causing or con- 
tributing to death, an over-all incidence of 
“significant” pulmonary embolism in this 
autopsy series of 8.8 per cent. This figure 
is very similar to the proportion of “‘sig- 
nificant” pulmonary emboli reported by 
Belt. Considering only those patients whose 
possible long-term survival was prevented 
by pulmonary embolism, the incidence in 
the entire series was 6.0 per cent and the 
over-all incidence of pulmonary embolism 
as the sole cause of death was found to be 
3.0 per cent. 

Clinical manifestations of pulmonary embolism. 
Since 80 per cent of the patients with 
“minor” pulmonary emboli had no clinical 
signs, the information on clinical manifesta- 
tions of pulmonary embolism has been 
restricted to those patients with significant 
emboli. From an assessment of both clinical 
and pathologic records, it was determined 
that there were at least 501 episodes of pul- 
monary. embolism in 383 patients with 
significant embolism (5 medicolegal autop- 
sies on patients in whom the embolism was 
thought to be significant were not included 
since there was no clinical history on these 
patients). 

Undoubtedly the total number of separate 
embolic episodes is higher than this since 


it is difficult to determine from varying 
age of emboli and from clinical signs alone 
each separate episode. 

The frequency of occurrence of certain 
signs and symptoms is enumerated in the fol- 
lowing: 

No definitive signs or symptoms in 137 episodes, 27 
per cent 

Shortness of breath in 291 episodes, 58 per cent 

Shock in 138 episodes, 28 per cent 

Chest pain in 110 episodes, 22 per cent 

Chest pain and shortness of breath in 75 episodes, 15 
per cent 

Chest pain and hemoptysis in 29 episodes, 6 per cent 

Chest pain and shortness of breath and hemoptysis in 

14 episodes, 3 per cent 
Physical signs in 29 episodes, 6 per cent 
Friction rub in 16 episodes, 3 per cent 
Hemoptysis in 54 episodes, 11 per cent 


Cough and fever were infrequent. There 
is so much difficulty in interpreting the 
significance of tachycardia, leucocytosis, and 
fever that we have been unable to collect 
any reliable data concerning the incidence 
of these signs which in many instances could 
have been due to related disease rather 
than to thromboembolism. They are so 
nonspecific that we believe them to be 
of very little diagnostic value in the usual 
patient. 

Shortness of breath was present alone 
(or in combination with cyanosis and/or 
shock) in 191 of the 291 patients demonstrat- 
ing dyspnea. Shortness of breath is the 
most common manifestation of pulmonary 
embolism, and frequently the only one. At 
least 24 per cent of these 383 patients had 
multiple episodes of pulmonary embolism. 
In spite of the fact that roughly one-quarter 
of these episodes were not fatal, of those 
patients with shock as a clinical sign, only 
6 of the group of 138 patients recovered 
from that particular episode. Several pa- 
tients had epigastric pain rather than chest 
pain as a manifestation. 

Roentgen diagnosis. Since so few of these 
episodes of pulmonary embolism were diag- 
nosed or even suspected, roentgenograms 
taken in some direct time relationship to 
the embolic episode were infrequent. Roent- 
genograms were taken within several days 
of the pulmonary embolus in 60 instances. 
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The findings were entirely negative in 11 
cases. The diagnosis was suggested in 19, 
largely on the basis of an awareness by our 
radiologists that nonspecific pulmonary den- 
sities may well represent pulmonary in- 
farction. In the other 30 cases, there were 
signs of pulmonary disease which were called 
pneumonia (9 cases), pleural effusion (13 
cases), atelectasis (1 case), carcinoma (1 
case). It should be emphasized that patients 
with roentgenograms were for the most part 
those having more characteristic clinical 
signs and symptoms which were usually seen 
with pulmonary infarction rather than pul- 
monary embolism alone. Therefore, this 
group is not representative of the whole 
series; there is a higher incidence of pul- 
monary infarction demonstrable by roent- 
genographic than by pathologic examina- 
tion in the entire group. The roentgen find- 
ings in pulmonary embolic disease are en- 
tirely nonspecific in the usual case and 
represent the changes of pulmonary infarc- 
tion; the x-ray diagnosis of pulmonary 
embolism without infarction is difficult, if 
not impossible, to make. 

Embolism versus infarction, At necropsy, 
58.7 per cent of this autopsy group of pa- 
tients with pulmonary embolism had de- 
monstrable pulmonary infarction. The in- 
cidence of pulmonary infarction is undoubt- 
edly lower if one calculates on the basis of 
single embolic episodes rather than on the 
basis of the number of patients. However, 
since it is difficult to differentiate the total 
number of embolic episodes on the basis of 
age of embolus and varying age of infarcts 
it was thought that this figure would carry 
greater accuracy. 

Since there has been some controversy 
concerning the role played by pulmonary 
congestion or decreased pulmonary ventila- 
tion from any cause in the physiopathology 
of pulmonary infarction, an attempt was 
made to obtain some reliable data on this 
factor. This is rather difficult, since pneu- 
monitis and patchy atelectasis are such com- 
mon findings at autopsy, and it is hard to 
evaluate the degree of reduction of pul- 


monary function produced by these lesions, 
In an effort to obtain greater objectivity, 
the patients with both heart disease and 
pulmonary embolism were analyzed sepa- 
rately. The incidence of pulmonary infarc. 
tion in patients with heart disease and 
congestive heart failure was 75 per cent as 
compared to 49 per cent in patients with 


heart disease but no congestive heart failure. | 


This difference is not significant even at the 
10 per cent level with this case sample of 
336 patients. In addition, there are so many 
other variables that might play a role in 
the distribution of cases of pulmonary in- 
farction. Roach and Laufman have shown 
by more controlled experimental studies in 
dogs that decreased aeration, infection, and 
pulmonary congestion are all predisposing 
factors conducive to infarction. 

The majority of clinical signs and symp- 
toms which have been associated with pul- 
monary embolism are usually found only 
when pulmonary infarction is present as 
well. All but 2 of the episodes of hemoptysis 
in this series were associated with pulmonary 
infarction; in both of the 2 remaining cases 
another valid cause for the hemoptysis was 
found at autopsy. Ninety-one per cent of 
the episodes of chest pain were also associ- 
ated with pulmonary infarction; pain in the 
other 9 per cent was usually dull and 
transitory and, in all but 2 instances, as- 
sociated with embolic occlusion of one or 
both major pulmonary arteries. However, 
in those cases of pulmonary infarction in 
which signs and symptoms were not ob- 
scured by associated disease, chest pain was 
seen in only half. The presence of dyspnea, 
as one might expect, is not so specific for 
pulmonary infarction per se but is seen 
almost as frequently in pulmonary embolism 
alone. 

As has been mentioned earlier, shock is 
present most frequently in cases of rapidly 
fatal pulmonary embolism in which infarc- 
tion does not have time to occur before 
death supervenes. The majority of patients 
in this series having pulmonary embolism 
without infarction did not have any clini- 
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TABLE I.—DIAGNOSIS OF PULMONARY EMBOLISM 


Clinical diagnosis, Diagnosis after death 
per cent —had occurred, per cent Total diagnosis, 
Definitive o* Definitive ot definitive or ?, per cent 
Total group (595 patients).........scecsecsecs 7a 2.6 5.8 3.0 18.5 
Significant emboli only (383 patients).......... 9.3 41 9.0 4.6 27.0 


*Diagnosis mentioned as a possible explanation for clinical manifestations or for sudden death, usually along with other diagnoses, but not listed 


as the definitive diagnosis. 


cal signs, shortness of breath alone, or the 
rapid onset of vascular collapse, cyanosis, 
and death. 

Location of significant pulmonary emboli. In 
those patients in whom pulmonary embolism 
was thought to be the sole immediate cause 
of death, there was occlusion of the main 
pulmonary artery or both of its primary 
branches in 33 per cent of the cases, massive 
occlusion of lobar arteries in 48 per cent, 
and occlusion of all or almost all of the 
observed smaller pulmonary arterial or ar- 
teriolar branches in the remaining 19 per 
cent of the cases. The distribution of pul- 
monary emboli in those patients in whom 
pulmonary embolism was thought to be a 
major contributory factor in causing death 
was as follows: occlusion of one of the 
primary branches of the pulmonary artery 
in 19 per cent, occlusion of several lobar 
arteries in 43 per cent, and occlusion of 
many smaller tertiary and quaternary 
branches in the remaining 38 per cent of 
the cases. 

The lobar distribution of emboli in this 
series was similar to that reported previously 
by Towbin, a marked predominance in the 
artery to the right lower lobe, presumably 
due to more direct axial flow of blood to 
this vessel. The left lower lobe artery was 
the second site of predilection for isolated 
lobar emboli. 

Time from embolus until death. Twenty-two 
per cent of the patients with fatal pulmonary 
emboli died almost immediately. A cumula- 
tive 47 per cent were dead within 15 minutes, 
and 62 per cent within 1 hour. The sig- 
nificance of this finding will be considered in 
the discussion. 

Frequency of pelvic venous thrombi. The dis- 
section of the deep venous system below the 
inguinal ligament was very infrequent in 


even medicolegal autopsies are omitted from group totals. 


this autopsy series because special permission 
for leg vein dissection was required. What 
little accurate information is available re- 
garding location of potential pulmonary 
emboli is restricted to the pelvic veins and 
heart. 

Venous thrombi were found in the iliac 
veins and/or inferior vena cava in 73 pa- 
tients; definite caval involvement was seen 
in 17. Clinical manifestations of deep venous 
thrombosis were present in only 37 of this 
group and many of these patients had only 
minimal unilateral edema. In the other half 
of the group, in spite of iliac venous oc- 
clusion, there was no demonstrable edema or 
other clinical sign. Even vena caval throm- 
bosis was confusing in 4 of the 17 episodes; 
bilateral edema was explained on another 
basis in 2; in the other 2 cases partial caval 
occlusion was not associated with edema but 
was responsible for fatal pulmonary em- 
bolism. 

Diagnostic rate in thromboembolic disease. It 
was rather alarming to discover that only 
7.1 per cent of all patients in this series had 
a definitive clinical diagnosis of pulmonary 
embolism during life. The diagnostic rate is 
listed in Table I. 

Some of the minor emboli were diagnosed 
clinically during life; so the percentage fig- 
ures for the “total group” of 595 patients 
is on a valid basis. However, those definitive 
or questioned diagnoses of pulmonary em- 
bolism made after death had occurred were 
all in patients having significant pulmonary 
emboli; so the percentage figures for this 
group should be considered in light of the 
values for the group of patients with sig- 
nificant pulmonary emboli only. Certainly, 
the over-all rate of the diagnosis of pul- 
monary embolism was extremely poor by 
any Criteria. 
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Only 115 patients (19 per cent of 595 
patients) had any clinical sign which should 
have brought about a diagnosis of deep 
venous thrombosis; in only half of this group 
(63 patients or 10.6 per cent of the total) was 
an actual clinical diagnosis of venous throm- 
bosis made. A definite clinical diagnosis of 
deep venous thrombosis was made in only 
23 of 47 patients with clinical manifestations 
usually considered to be characteristic of 
‘‘phlebothrombosis,”’ while the correct clin- 
ical diagnosis was made in 40 of 45 patients 
with signs of “thrombophlebitis.” The lower 
diagnostic rate in phlebothrombosis was not 
unexpected in view of the frequently mini- 
mal manifestations, such as slight unilateral 
leg edema or a difference in the degree of 
bilateral leg edema. It was disconcerting to 
note that, in another 160 patients, bilateral 
apparently equal leg edema was present to 
confuse the clinical picture as far as leg 
signs were concerned. 

In 34.9 per cent of those patients with a 
positive clinical diagnosis of deep venous 
thrombosis, a definitive clinical diagnosis of 
pulmonary embolism was made during life. 
However, only 3.9 per cent of all pulmonary 
emboli were diagnosed in patients not hav- 
ing an associated diagnosis of venous throm- 
bosis. This observation suggests that we, as 
clinicians, are reluctant to diagnose or even 
consider the possibility of pulmonary em- 
bolism in the absence of prior signs in the 
leg veins. 


DISCUSSION 


It has been the purpose of this phase of 
this study to point out the vagaries in the 
clinical manifestations of thromboembolic 
disease, its high incidence, the inadequacies 
in our clinical diagnosis, and to discuss, in 
the light of these findings, some fallacies in 
treatment. 

It has been repeatedly shown that for 
every case of demonstrable pulmonary em- 
bolism there are between 2 and 5 patients 
with deep venous thrombosis, in other words, 
without treatment, at least 1 patient of 
every 5 with deep venous thrombosis will 
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have a pulmonary embolus. Of all patients 
with pulmonary embolism, the mortality 
rate is reported as about 18 per cent in 
several series. Therefore, the gross incidence 
of venous thrombosis and nonfatal pul- 
monary embolism is greater than this au- 
topsy series demonstrates, since any necropsy 
group places emphasis on the fatal pul- 
monary emboli, although also including 
some nonfatal pulmonary emboli in patients 
who died from other causes. 

On the basis of these rough estimates 
alone, one must conclude that if almost 14 
per cent of these patients had pulmonary 
emboli, then 28 per cent or more may have 
had thromboses in the veins of the legs or 
pelvis. This is not meant to imply that the 
incidence of thromboembolic disease is this 
high in the entire hospital population. ‘This, 
and any necropsy series, is a highly selected 
group of patients who were, for the most 
part, extremely ill and immobilized in bed, 
and in whom one would expect the highest 
incidence of this complication. However, 
this study does definitely demonstrate that, 
because of our extremely poor clinical diag- 
nosis of this entity, any series reporting the 
incidence of thromboembolic disease purely 
on the basis of clinical diagnoses is present- 
ing highly inaccurate as well as misleading 
figures. 

Knowledge concerning the true location 
of venous thrombi capable of producing 
pulmonary embolism is of critical impor- 
tance in the proper assessment of the relative 
value of anticoagulants and vein ligation 
as ‘‘therapeutic measures.” Unfortunately, 
the many restrictions placed on complete leg 
vein dissection at this and almost all U. S. 
hospitals have sharply limited the amount of 
available and reliable information about 
this phase of the problem. The distribution 
of leg vein and pelvic venous thrombi in 
complete leg vein dissections has varied 
markedly from one study to another. The 
major debate in these dissection studies has 
frequently been concerned with the site of 
origin of deep leg vein thrombosis rather 
than the site of proximal extent of the 
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thrombus. This latter fact is of more im- 
mediate interest in the consideration of the 
fallacy of bilateral superficial femoral vein 
ligation in the prophylaxis or “treatment” 
of pulmonary embolism. McLachlin and 
Paterson have shown from leg vein dis- 
sections that ‘‘surgical ligation of the super- 
ficial femoral veins . . . does not appear to 
be basically sound” since one-half of the 
thrombi found by McLachlin and Paterson 
were in locations where such a bilateral 
operative procedure would not have pre- 
vented subsequent pulmonary embolism. 
Homans who first popularized femoral vein 
ligation (7) has subsequently reached similar 
conclusions (8). 

The hazards and the fallacious reasoning 
in the clinical differentiation of the aseptic 
form of venous thrombosis into “‘thrombo- 
phlebitis” and ‘‘phlebothrombosis” has been 
pointed out by a number of observers. ‘These 
entities merely represent different phases in 
the course of the same disease. Pathologists 
have repeatedly shown that there is no 
histologic basis for an attempt to distinguish 
these entities. We have collected a number of 
sections of deep venous thrombi showing one 
area with lymphocytic infiltration of the 
vein wall (characteristic of thrombophlebi- 
tis) while another area of the same process 
several millimeters away is totally free of 
round cell infiltration (supposedly charac- 
teristic of phlebothrombosis). The fallacy in 
the belief that patients with thrombophlebi- 
tis are secure against pulmonary embolism 
has been shown by this study. Like Mc- 
Lachlin and Paterson, we believe that the 
clinical differentiation of phlebothrombosis 
from thrombophlebitis on the basis of em- 
bolic potential is not only valueless but 
dangerous. Clinically diagnosed venous 
thrombosis was deliberately subdivided into 
thrombophlebitis and phlebothrombosis to 
show that in a number of patients having 
all the classic signs of thrombophlebitis pul- 
monary embolism developed. Although cer- 
tain portions of the thrombus in so-called 
“thrombophlebitis” are firmly attached to 
the vein wall, there are other areas, especially 


the proximal free-floating tail of the throm- 
bus, which may easily fragment and result 
in pulmonary embolism. 

Certainly thrombophlebitis is more readily 
diagnosed, as this study shows; pain, red- 
ness, tenderness, and local heat offer little 
difficulty in differentiation from other en- 
tities, whereas the edema or no signs at all 
present in cases of phlebothrombosis may 
pose a difficult diagnostic problem. Venous 
thrombosis of the asymptomatic variety is 
much more common; it appears from this 
study that for every case of venous thrombo- 
sis with any sign whatsoever, there are 10 
cases or more without any manifestation, 
and that only 1 case out of every 4 with 
some suggestive clinical sign presents the 
classic picture of thrombophlebitis. On the 
basis of this highly presumptive and very 
gross estimate it appears that only several 
per cent of all cases of venous thrombosis 
have clinical signs characteristic of thrombo- 
phlebitis. Like Gibbs, we believe that the 
diagnosis of deep leg vein thrombosis is 
both extremely difficult and highly inac- 
curate. 

In a subsequent article reporting the 
epidemiologic factors influencing thrombo- 
embolic disease, data will be presented to 
show that over 90 per cent of pulmonary 
emboli arise from a peripheral source and 
that the cardiac origin of pulmonary em- 
bolism plays only a minor role in the over- 
all incidence of the disease. The accuracy of 
diagnosis of pulmonary embolism is little 
better than that for venous thrombosis. Al- 
though one-fourth of all patients with major 
pulmonary emboli had a mention of this 
diagnosis somewhere in the clinical record, 
the diagnosis was suggested only after death 
had occurred in one-half of this group, and in 
only 9 per cent was a definitive diagnosis 
made during life. This figure is even lower. 
if one includes the minor pulmonary emboli 
as well. 

Diagnostic accuracy is limited by the 
variable and frequently obscure manifesta- 
tions of pulmonary embolism. The more 
characteristic signs of chest pain and hemop- 
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tysis almost always indicate the presence of 
pulmonary infarction per se; but even in 
cases of definite pulmonary infarction, chest 
pain is present in only half of the cases, 
and hemoptysis much less frequently. It is 
doubly discouraging to note that pulmonary 
embolism without infarction may be as- 
sociated with no clinical signs at all or may 
be manifested by shortness of breath, cyano- 
sis, shock, and rapid death; almost half of 
the patients with fatal emboli died within 
15 minutes of the apparent onset of the 
embolic episode. The triad of chest pain, 
shortness of breath, and hemoptysis may be 
classic, but it is also so rare as to be of little 
aid in diagnosis of the great majority of cases 
of pulmonary embolism. 

It is our impression that physical signs, 
especially rales, will be present in an ap- 
preciable proportion of patients with pul- 
monary infarction if the patient is carefully 
followed with repeated examinations of the 
chest. However, decreased breath sounds, 
rales, or dullness are entirely nonspecific. 
Even with very careful follow-up, it is doubt- 
ful if friction rub, which is frequently very 
transitory, would be heard in more than 
10 per cent of the cases. Fortunately, many 
patients (probably many more than the 25 
per cent we could definitely demonstrate) 
have “‘premonitory” nonfatal pulmonary 
emboli before the fatal embolic episode. A 
more vigorous approach to the diagnosis and 
anticoagulant treatment of this group of 
patients may save many from that sub- 
sequent fatal embolus. Increased accuracy 
in diagnosis and the proper treatment of the 
patient with cryptogenic venous thrombosis 
before he dies from that first massive, rapidly 
fatal pulmonary embolus is more difficult to 
achieve. We believe that the approach must 
be, at our present state of knowledge, an 
epidemiologic one with serious considera- 
tion for a program of active prophylactic 
therapy in a selected group of patients. 

The roentgen findings in pulmonary in- 
farction are very similar to those so lucidly 
demonstrated by Hampton and Castleman 
almost 20 years ago. Unfortunately, many 
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of the conclusions derived from this roent. 
genographic-pathologic correlation have 
been ignored. There are no typical x-ray 
findings in pulmonary embolism. The s0. 
called classic wedge-shaped infarction is the 
exception rather than the rule. It is very 
difficult to differentiate the pulmonary opac- 
ification from that of pneumonia, and the 
loss of lung volume with infarction occa- 
sionally results in mistaken diagnoses of 
atelectasis or carcinoma. The presence of a 
small amount of unilateral pleural fluid | 
should make one highly suspicious of pul- 
monary infarction. In view of the nonspecific 
character of the x-ray manifestations, it is 
to the credit of our roentgenologists that the 
diagnosis was suggested in 19 of 49 cases 
with a demonstrable lesion; however, a 
heightened awareness of the nature of the 
roentgen picture should result in an even} 
higher incidence of suggested diagnoses of | 
pulmonary embolism, if the clinical picture 
is considered in conjunction with the x-ray 
findings. 

Certainly, the place of the electrocardio- } 
gram in the diagnosis of pulmonary em- 
bolism is limited, but we believe its value 
has often been underestimated. It can be a 
valuable diagnostic aid in cases of major 
pulmonary embolism if the electrocardio- 
gram is taken soon after the episode has 
occurred. Only 5 cases in our series satisfied 
these criteria but in 4 of 5, the diagnosis of 
pulmonary embolism was considered on the 
basis of the electrocardiographic changes 
of “acute cor pulmonale.” The electro- 
cardiographic pattern suggestive of pul- 
monary embolism was present in about one- 
fifth of 273 patients examined by Carlotti, 
Hardy, Linton, and White. 

At the present time there are no laboratory 
studies of the clotting mechanism which are 
of any value in the diagnosis or prediction of 
thromboembolic disease. 

This study tends to suggest that occlusion 
of multiple small pulmonary arterial radicals 
(other than the main pulmonary artery or 
its primary branches) is of considerable 
significance in producing death from pul- 
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monary embolism. Massive occlusion with 
myriads of microscopic emboli to almost all 
of the terminal branches of the pulmonary 
arterial system appear to be responsible for 
almost one-fifth of the deaths attributed to 
pulmonary embolism. Particulate emboli 
have been shown repeatedly to produce 
death from severe pulmonary hypertension 
and acute cor pulmonale, but this seems 
to be insufficiently appreciated by both 
clinician and pathologist and may be respon- 
sible for a number of ‘unexplained deaths.” 
Very frequently, routine microscopic section 
of various areas of grossly normal lung is 
the only way to detect this entity. Most 
sudden deaths from both gross and micro- 
scopic emboli can be explained on the basis 
of simple mechanical blockade of the pulmo- 
nary arterial tree; whether reflex vasocon- 
striction and aggravation of anoxemia sec- 
ondary to pulmonary arteriovenous shunt- 
ing also play a role is still debatable. Our 
present knowledge concerning the under- 
lying physiopathology of pulmonary em- 
bolism is excellently summarized by Parker 
and Smith in a recent review. 

A difficult problem is the explanation for 
sudden death in a patient with occlusion of 
only one major pulmonary artery or several 
secondary branches which one would not 
expect to be fatal on the basis of mechanical 
obstruction of the arterial tree alone. This 
has usually been attributed to the generalized 
reflex changes mentioned previously. An- 
other equally logical explanation would be 
that a large embolus had fragmented at the 
bifurcation of the main pulmonary artery 
with secondary undetected microscopic ob- 
struction of the smaller branches to the 
other lung. We believe that such fragmenta- 
tion occurs frequently in pulmonary em- 
bolism and is very often fatal, although dif- 
ficult to detect unless one examines routine 
sections from each pulmonary lobe. 

The long-term effects of repeated or mas- 
sive pulmonary embolism, not fatal during 
the acute episode is another intriguing 
problem. Several patients in this series were 
included in the deaths from pulmonary 


embolism because, although they survived 
the immediate effects of the embolus, they 
died several years later from chronic cor 
pulmonale secondary to pulmonary arterial 
obstruction. One 57 year old female died 
from cor pulmonale 2 years after recovery 
from a massive pulmonary embolus; an 
old organized partially recanalized embolus 
was found in the main pulmonary artery 
and its primary branches; there was a small 
incidental recent embolus and infarct in one 
pulmonary lobe. Another 64 year old male 
died under similar circumstances from cor 
pulmonale and refractory heart failure after 
repeated embolic episodes over a several 
year period. 

Time between onset of fatal embolism and 
death has been recorded in this study to 
emphasize the short period available for 
the institution of specific therapy in over 
half of the patients with pulmonary em- 
bolism thought to be contributing to death. 
Unfortunately, at our present state of knowl- 
edge the treatment of one specific pulmonary 
embolic episode is restricted to supportive 
measures such as narcotics, oxygen, vaso- 
pressors, atropine, papaverine, and amino- 
phylline. There is no evidence that any of 
these agents have any effect on ultimate 
survival. The value of anticoagulant therapy 
is in the possible prevention of subsequent 
pulmonary emboli in a patient whose exist- 
ing embolus proves to be nonfatal. Preven- 
tion of secondary infection of a pulmonary 
infarct by prophylactic antibiotic therapy is 
rational and valuable but has no effect 
as far as the acute episode is concerned. 
Similarly it is unlikely that specific operative 
therapy such as pulmonary arterial embo- 
lectomy will play a very useful role in view 
of the short period of survival in the majority 
of patients, the poor operative status of the 
remaining patients, and the appreciable 
operative mortality. 

We do believe that anticoagulants have 
a real place as “prophylactic” agents in 
venous thrombosis and nonfatal pulmonary 
embolism. These drugs are considered 
prophylactic in the sense that they do not 


= 
{ 
4 
| 
t 
we 
; 
; 


dissolve formed thrombi but rather serve 
to prevent further propagation of fresh 
friable thrombus and thereby lessen the 
hazard of subsequent pulmonary embolism. 
Our recent evaluation of anticoagulant 
therapy in thromboembolic disease (4) has 
shown that it is not uniformly successful 
but, from very gross estimates, we do be- 
lieve that adequate anticoagulant therapy 
will salvage at least 7 of every 10 patients 
with clinically diagnosed thromboembolic 
disease who would have died from fatal 
pulmonary embolism had anticoagulants 
not been used. One major problem is that 
of diagnosis, as this phase of this study was 
designed to emphasize. The present tend- 
ency in clinical medicine has been to con- 
fine anticoagulant therapy in this field, with 
few exceptions, to patients with diagnosed 
thromboembolic disease. The frequent total 
absence of clinical signs and the obscure 
nature of those manifestations which are 
present make it very problematic whether 
one may achieve at the present time an 
appreciable reduction in mortality and 
morbidity from thromboembolism on the 
basis of increased diagnostic accuracy. 

Some pulmonary emboli in this series had 
no effect with regard to the patients ulti- 
mate survival, either because they were 
minor emboli or because major emboli oc- 
curred in a patient who would have died 
even had the embolus not occurred. Even 
eliminating this group, death in 6 per cent 
of the entire autopsy population might have 
been forestalled had pulmonary embolism 
not been present; in half of this group there 
was little question that pulmonary em- 
bolism, which we still believe should be 
considered as a wholly preventable disease, 
was the sole cause of death. The clinician 
must assume much greater clinical aware- 
ness of the frequency of thromboembolism 
and be willing to make a presumptive diag- 
nosis and treat with anticoagulants on the 
basis of suspicion alone. It is only in this way 
that one can hope to achieve anything by 
this approach in the salvage of more patients 
from fatal pulmonary embolism. 
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A more rational and comprehensive ap- 
proach would be anticoagulant therapy on 
a truly prophylactic basis. Several investi- 
gators have reported the successful utiliza- 
tion of prophylactic anticoagulants in un- 
selected cases, but this approach has proved 
to be tedious and expensive and has, for the 
most part, been abandoned for this reason. 
The second phase of this study deals with 
some of the epidemiologic aspects of throm- 
boembolic disease in an attempt to provide 
more information on relative risk in certain 
disease entities with the hope that these data 
may prove of some value in a more selective 
approach to prophylactic anticoagulant 
therapy. 


SUMMARY 


This study has attempted to demonstrate 
some of the vagaries and difficulties in the 
diagnosis of thromboembolic disease. In 
only 7.1 per cent of all patients with autopsy- 
proved pulmonary emboli had a definitive 
clinical diagnosis been made prior to death. 
The correct clinical diagnosis of venous 
thrombosis is made even less frequently. 
There are no specific diagnostic signs in pul- 
monary embolism. Chest pain and hemopty- 
sis are infrequent and, when they are present, 
usually reflect the presence of pulmonary 
infarction. The differentiation of phlebo- 
thrombosis and thrombophlebitis on the 
basis of embolic potential is not only falla- 
cious but dangerous. In view of our poor 
diagnostic ability and the rapidly fatal 
nature of pulmonary embolism, a plea is 
made for greater awareness on the part of 
the clinician of the frequency of this disease, 
a readiness to treat on the slightest suspicion 
of its presence, and a considered reappraisal 
of prophylactic anticoagulant therapy in 
that selected group of patients in whom the 
risk of developing fatal pulmonary embolism 
is greater. 
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THE EARLY LOCALIZATION of the site of acute 
upper gastrointestinal bleeding continues to 
be a recurring problem to the clinician. 
Esophagogastric varices are the lesions 
responsible for such bleeding in approxi- 
mately 20 to 25 per cent of these patients. 
Many current reports advocating measures 
for prompt diagnosis in the acutely bleeding 
patient understandably place emphasis on 
the early establishment of the presence or 
absence of esophagogastric varices. The 
management of varical bleeding associated 
with portal hypertension differs appreciably 
from and is more demanding of the physi- 
cian than bleeding from other sites in the 
upper alimentary tract (peptic ulcer, neo- 
plasm, erosive gastritis, and esophagitis). 
The mortality rate is much higher, vary- 
ing from 30 to 50 per cent with the first 
bleeding episode. The majority of adult pa- 
tients who bleed from varices have associat- 
ed cirrhosis of the liver. Unless early diag- 
nosis with subsequent prompt and efficient 
management of hemorrhage is effected, ir- 
reversible hepatic damage may ensue. 

The determination of the presence or 
absence of varices may be elusive in the 
actively bleeding patient. Several factors 
account for the diagnostic difficulties in this 
regard. One of the most troublesome is that 
some patients who bleed from varices may 
present nothing in the history, nor exhibit 
any of the characteristic physical stigmas to 
indicate the presence of cirrhosis or an ex- 
trahepatic block as the genesis of the state of 
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portal hypertension responsible for varices, 

A more common source of diagnostic 
error is that patients whose history and 
physical findings suggest cirrhosis may } 
actually be bleeding from a site other than 
varices. Physical findings indicative of 
hepatic disease do not necessarily prove the 
coexistence of a state of portal hypertension 
to the extent that bleeding varices have 
developed. Furthermore, as has been well 
established, peptic ulcer may be present in 
about 15 to 20 per cent of patients with 
cirrhosis of the liver, an incidence consider- 
ably higher than that found in the general 
population (10 per cent). 

Methods to differentiate varices from 
other sites of upper gastrointestinal hemor- 
rhage during the acute bleeding episode 
should, ideally, be direct, determinative, 
practical, and reasonably safe. This article 
is presented to report on the results obtained 
from the use of emergency percutaneous 
splenic pulp manometry as a new adapta- 
tion of a proved technique intended to ap- 
proach these requirements. 


OTHER DIAGNOSTIC AIDS 


Esophagoscopy, barium contrast roent- 
genography, trial balloon tamponade, and 
liver function tests have been frequently ad- 
vocated and used as aids in diagnosis. Any 
one or a combination of these diagnostic 
methods has failed to gain universal ac- 
ceptance as being completely reliable. More 
recently, a procedure of merit, the determi- 
nation of srum ammonium levels, has been 
advocated by McDermott in differentiating 
varices from other sites of bleeding. 
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The routine use of esophagoscopy, as an 
emergency measure, does not appear to be 
warranted in view of the frequent difficulty 
in discerning varices in the presence of 
active bleeding. Furthermore, inadvertent 
trauma may perpetuate or even increase the 
rate of varical bleeding. 

The reported accuracy of emergency 
contrast roentgenograms in localizing the 
bleeding site varies widely among major 
clinics. The confusing shadows of retained 
blood clots, the time element involved, and 
the manipulation of patients during fluoros- 
copy appear to fall short of the ideals of 


practicality and reliability. 


Esophageal tamponade by means of the 


' Sengstaken-Blakemore and similar tubes 
has been useful. It is, however, an indirect 
_method of differential diagnosis and not 
fully reliable since about 10 per cent of 


individuals with bleeding varices, in our 


_ experience, cannot be controlled by balloon 


tamponade because of the presence of gas- 


_ tric varices which rupture distal to the 


gastric balloon. Arrest of hemorrhage from 
high gastric or esophageal ulcers and 
mucosal erosions not due to portal hyper- 
tension may also result in erroneous im- 
pressions. Furthermore, if a trial of balloon 
tamponade is used promiscuously in every 
case of severe upper gastrointestinal bleed- 
ing of unknown cause, the possible dangers 
of aspiration, airway obstruction, lacera- 
tions, and erosions of the esophageal wall, 
and even rupture of the esophagus will be 
realized unnecessarily in some instances, as 
pointed out by Conn. 

Emergency determinations of liver func- 
tion, such as bromsulphalein retention, al- 
though helpful in determining the presence 
or absence of hepatic dysfunction, are not 
definitive in establishing the cause and ac- 
tual site of bleeding. The development of 
varices is directly dependent on a state of 
portal hypertension rather than on hepatic 
dysfunction per se. Furthermore, patients 
with intestinal bleeding from other causes 
may have increased bromsulphalein reten- 
tion, as well as transient alterations of other 


liver function tests, even in the absence of 
hepatic disease. Occasionally, in a well 
compensated case of cirrhosis of the liver 
there may be normal or near normal liver 
function values, and still massive bleeding 
from esophageal varices occurs. 

Differential serum ammonium levels 
would appear to offer more helpful chemical 
information since elevated levels seemingly 
depend more on portal-systemic bypass of 
the liver than on altered hepatic function. 
This diversion appears to be present in 
most, if not all, patients with portal hyper- 
tension to the extent that varices have de- 
veloped. This method, however, will not 
be of assistance in patients who have 
previously had surgically performed porta- 
caval shunts and have subsequently bled 
from a lesion other than varices. In these 
latter patients, the ammonium formed in 
the intestinal tract by urea-splitting bac- 
teria will bypass the liver and enter the 
systemic venous circulation via the sur- 
gically fashioned shunt which will have ef- 
fectively lowered portal pressure and there- 
by decompressed varices. Also, the inges- 
tion of intestinal antibiotics prior to the 
bleeding episode may be an occasional 
source of error if sufficient reduction of 
urease activity has resulted in the preven- 
tion of ammonium formation. 


RATIONALE OF THE USE OF SPLENIC PULP 
MANOMETRY 


In our experience, the procedure of com- 
bined percutaneous splenic pulp manometry 
and portography, both as an emergency and 
elective measure, has approached 100 per 
cent accuracy in determining the presence 
or absence of esophagogastric varices (5). 
Direct assay of both the anatomic and 
physiologic alterations of the portal system 
can be gained quickly with a high degree of 
safety, if details of technique, reported else- 
where, are rigidly adhered to (4). Good 
correlation between splenic pulp pressure 
and actual portal pressure determined at 
laparotomy has warranted the use of 
splenic pulp manometry as a reliable 
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TABLE I.—SPLENIC PULP PRESSURES OF PATIENTS 
BLEEDING FROM ESOPHAGOGASTRIC VARICES 


Splenic pulp pressure, 

Patient Age, yrs. Sex mm. of water 
46 M 465 
M. C. 72 F 580 
A; 3. 28 F 485 
A. R. 56 F 327* 
M. F. 57 M 395 
E. T. 58 M 433 
M. C. 42 M 370 
jJ. M. 46 M 430* 
iS. 43 M 540 
S.F. 57 F 475 
M. M. 43 M 275 
i. &. 45 M 340 
G. B. 57 M 375 
L. D. 62 F 400 
A. K. 46 M 530 
B. C. 56 M 460 
5.4. 50 M 277 
M. D. 40 F 326 
C.K. 9 M 350 
56 M 420 
W. F. 59 M 415 
J. H. 33 M 472 
B. J. 29 F 383 
V.R. 51 M 293 
47 M 470* 
zB. 16 F 650 
43 M 465 
57 M 480* 
i. 58 F 390* 
G. 53 M 358 
M. M. 41 F 383 
B. G. 62 F 380 
H. W. 52 M 351* ft 
E. K. 45 F 510* 
R. M. 43 M 356* 
M. T. 59 F 400 
42 M 500* 
A. C. 48 F 465 
Cc. 8S. 59 M 306 
W. B. 45 M 320* ¢ 
M. N. 50 F 401 
M. D. 37 M 620* ¢ 
¥.R. 51 M 468 
G. M. 62 M 560* 
Li. &. 34 F 470 
ALY 44 M 363 
H.C. 54 F 257* 
E.R. 46 M 395 
E. P. 23 M 415 
F. M. 49 M 423 
B. F. 60 F 437 
E. C. 46 M 358* t 
58 M 570* 
P. 68 M 282 
j. M. 44 M 380* t 
E.R. 33 F 300 
P.W. 62 KF 388 
J.D. 33 M 410* 
N. H. 52 F 430* 
J.D. 42 F 400 
W. E. 52 M 357 
&. 34 F 490* t 
59 M 410 
B. P. 52 M 377 
M. H. 70 M 340* + 
M. F. 45 F 356 

Mean pressure, 413 


*Pressures taken during an acute bleeding episode. 
tPressures taken when patient was hypovolemic and hypotensive. 


clinical tool. Furthermore, excellent cor. 
relation has been shown by our group be. 
tween the manometric readings and the 
degree of portal collateralization as demon. 
strated by portography (3). The highes 
pressures were observed in those patients 
who were bleeding or had bled from esoph.- 
agogastric varices. Although it has been our 


routine for several years to use the com-} 


bined procedure of splenic manometry and 
portography, these correlations in 128 pa- 
tients suggested that splenic manometry 


alone might yield valuable information (5).} 


MATERIALS AND METHODS 


Commencing in January 1957, the splenic 
pulp pressures of 113 patients who had 


recently bled or were actively bleeding from} 


the upper gastrointestinal tract were re- 
corded. Thirty-three of the 113 manometric 
readings were obtained as the initial dis. 
criminatory test during an acute bleeding 
episode. The remaining 80 readings were 
recorded some time after bleeding had 
ceased. Verification of the diagnosis was 
subsequently established in each instance. 
Diagnosis of portal hypertension and varices 
was, of course, further substantiated by 
portography. Additionally, other roentgeno- 
graphic as well as surgical and postmortem 
evidence was used in making final diagnosis. 

The minutiae of the technique of com- 
bined splenic pulp manometry and _ por- 
tography are reported in a recent paper (4). 
Pressures were determined by inserting a 
No. 18 gauge spinal needle into the spleen. 
Local anesthesia was routinely used in the 
adult. The usual site of needle insertion was 
the left ninth intercostal space in the 
posterior axillary line. This site varied de- 
pending on the habitus of the patient and 
the spleen size. Extreme caution was taken 
to prevent excessive respiratory excursions, 
with apnea maintained during actual in- 
sertion of the needle. Although the capsule 
of the spleen could often be felt, this was not 
constant. The needle was inserted 1 to 3 
centimeters into the splenic pulp, depending 
on the degree of splenomegaly. A constant 
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TABLE II.—SPLENIC PULP PRESSURES OF PATIENTS BLEEDING FROM SOURCES OTHER THAN ESOPHAGO- 
GASTRIC VARICES 


w 


— 


nm 


w 


09 M 


a 


ZEN TELLER 


Mean, 


*Pressures taken during an acute bleeding episode. 
tPatients with associated cirrhosis of the liver. 


drip of blood from the needle usually con- 
firmed the intrasplenic location of its point. 
The needle was subsequently attached to a 
water manometer with its zero point at table 
level. A short length of rubber or plastic 
tubing interposed between the needle and 
the manometer prevented a rigid system and 
minimized the possibility of splenic lacera- 
tion during subsequent respiratory motions. 
Since the needle may be frequently oc- 


Splenic 
pulp pressure, 
mm. of water Source of bleeding 
Erosive gastritis 
190t Erosive gastritis 
180 Duodenal ulcer 
70 Duodenal ulcer 
280 Carcinoma of stomach 
232 Gastric ulcer 
Duodenal ulcer 
193T Erosive gastritis 
140 Carcinoma of stomach 
150 Duodenal ulcer 
200 Duodenal ulcer 
273 Duodenal ulcer 
258 t Erosive gastritis 
230 Carcinoma of stomach 
80* Hiatus hernia with esophagitis 
165f Hiatus hernia with esophagitis 
150T Hemoptysis (pulmonary tuberculosis) 
275 Gastric ulcer 
203 Erosive gastritis 
225 Erosive gastritis 
105 Duodenal ulcer 
113 Duodenal ulcer 
147 Gastric ulcer 
200 Carcinoma of stomach 
215 Duodenal ulcer 
93 Duodenal ulcer 
147 Marginal ulcer 
230* f Erosive gastritis—portacaval shunt 
252% Duodenal ulcer 
73t Erosive gastritis 
140 Duodenal ulcer 
70* Duodenal ulcer 
160* Duodenal ulcer 
162f Erosive gastritis 
215* ft Erosive gastritis 
265* f Duodenal ulcer 
162* f Duodenal ulcer 


121* Erosive gastritis 


210* f Hiatus hernia with esophagitis 
195* f Erosive gastritis 
160* f Erosive gastritis 
288 Cancer of the esophagus 

80 Duodenal ulcer 
105 Duodenal ulcer 
157 Leiomyosarcoma of stomach 
195 Gastric and duodenal ulcers 
166* 


Gastric ulcer 
175 mm. of water : 


cluded by a splenic pulp thrombus, routine 
needle clearing with 1 or 2 milliliters of 
normal saline was utilized to avoid errors in 
mensuration. We have adopted the average 
of 3 sequential readings as representative 
of the splenic pulp pressure. ‘The corrected 
baseline for transposition to portal pres- 
sure was taken as 12 centimeters above the 
plane of the table on which the patient was 
lying supine. This represents the average 
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Fic. 1. Graph showing distribution of splenic pulp 
pressures of 113 patients according to source of upper 
gastrointestinal hemorrhage. Pressures were recorded 
during or following active bleeding. 


figure of our measurements in 52 cadavers 
and best approximated the anterior sur- 
face of the upper lumbar vertebra in the 
adult, which has also been the correction 
point used in determining actual portal 
pressure in patients at operation (5). 


RESULTS 


Data obtained whe to manometry 
established esophagogastric varices as the 
site of bleeding in 66 of these patients. The 
remaining 47 patients bled from other le- 
sions. Splenic pulp pressures of patients who 
had bled from varices were consistently 
higher than those of patients who had bled 
from other causes (Tables I and II, Fig. 1). 
The mean pressure of patients bleeding 
from varices was 413 millimeters of water. 
The mean pressure of patients bleeding from 
other sites in the upper gastrointestinal 
tract was 175 millimeters of water. All pa- 
tients in this series whose pressures were 
above 290 millimeters of water had bled or 


were bleeding from varices. On the other 
hand, if the pressure was below 250 milli- 
meters of water, bleeding in all instances re- 
sulted from a lesion other than varices, 
There remained a zone of overlap that in- 
cluded patients bleeding from esophago- | 
gastric varices as well as patients bleeding 
from other lesions. This nondiagnostic area 
was surprisingly narrow and delimited, 
ranging from 250 to 290 millimeters of 
water. Eleven patients, 4 bleeding from | 
varices and 7 bleeding from other sites, had 
portal (splenic pulp) pressures in this area 
of overlap. In these patients, the findings of 
serial splenoportography were ultimately 
essential in determining the presence or 
absence of varices. However, 94 per cent of 
those who bled from varices had pressures in 
excess of 290 millimeters of water, and often 
(53 per cent) in the range of 400 to 650 mil- 
limeters of water. 

Figure 2 depicts those splenic pulp pres- 
sures which were the first discriminatory 
tests used in 33 patients during an acute 
bleeding episode. In each case there was 
either historical or physical evidence which 
suggested the presence of liver disease. 
Three patients were in the nondiagnostic 
zone between 250 and 290 millimeters of 
water. The clinical course of these cases will 
be discussed in detail in a subsequent sec- 
tion (Cases 7, 8, and 9). In the remaining 
30 patients, pressures were definitive in de- 
termining the presence or absence of esoph- 
agogastric varices. Some of the highest 
pressures were recorded in 10 patients who 
were hypovolemic and hypotensive second- 
ary to varical hemorrhage. The distribution 
of final diagnoses of the 33 patients in whom 
emergency splenic manometry was per- 
formed follows: 20 of 28 cirrhotic patients 
bled from esophagogastric varices, 8 from 
other sources; 5 noncirrhotics bled from 
other sources. In 29 per cent of those with 
cirrhosis bleeding was not from varices. 


DISCUSSION 
Splenic pulp manometry, in this series, 
has resulted in 90 per cent accuracy in the 
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determination of the presence or absence of 
esophagogastric varices in patients bleeding 
from the upper gastrointestinal tract. These 
gratifying results have prompted us to con- 
tinue its use almost routinely as an emer- 
gency diagnostic measure. The immediate 
knowledge of the presence or absence of 
esophagogastric varices in such a high per- 
centage of patients has resulted in a more 
accurate appraisal and more effective man- 
agement of the patient. 

Several objections and possible limita- 
tions to the usefulness of the procedure were 
anticipated. Isolated cases of varices in the 
absence of portal hypertension have been 
reported and have been observed by our 
group. This phenomenon, however, has 
been noted in less than 1 per cent of our ac- 
cumulated experience and may be classified 
as rare. This rare occurrence, therefore, did 
not appear to be a major limitation to the 
use of splenic pulp manometry in determin- 


_ ing the presence or absence of varices. 


A possible fall in portal venous pressure 
paralleling arterial hypotension secondary 
to hemorrhage may also appear to be a 
limitation of the procedure. Animal experi- 
mental work, however, indicates that portal 
pressure does not necessarily follow changes 
in arterial pressure. Wiggers, Opdyke, and 


Johnson have shown that portal pressure, in 


dogs, after a temporary decline tended to 
return to or toward control values during a 
period of hypotension secondary to bleed- 
ing. This observation has been confirmed 
by others and has suggested to us that portal 
hypertension in the human might not be 
masked even when varical hemorrhage pro- 
duces a state of hypovolemia and arterial 
hypotension. Our clinical observations of 
markedly elevated portal pressures in 10 
human subjects bleeding massively from 
varices and with low systolic arterial pres- 
sures tend to support this view. 

From our data, it may at first glance be 
disturbing that the readings in 11 patients 
(10 per cent) fell in the area of overlapping 
pressures between 250 and 290 millimeters of 
water (in which varices may or may not be 
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© = Patients with Cirrhosis of the Liver 
© = Patients with Normal Liver 
Fic. 2. Graph showing splenic pulp pressure as the 
initial discriminatory test during an acute episode of 


upper gastrointestinal hemorrhage. Pressures were re- 
corded during active bleeding. 


present). However, some assurance is to be 
gained from further analysis of this group. 
Bleeding from varices in all of the patients 
whose pressures fell below 300 millimeters 
of water either stopped spontaneously or 
following a short period of balloon tam- 
ponade. In other words, none of these pa- 
tients ever required emergency surgery for 
control of hemorrhage. This granted a stay 
of time during which a more leisurely defin- 
itive investigation with portography and 
gastrointestinal roentgenograms and labora- 
tory tests could be obtained. An important 
corollary of this observation is that all cir- 
rhotic patients with pressures below 290 
millimeters of water who required emer- 
gency surgery for control of continuing 
hemorrhage were bleeding from sites other 
than esophagogastric varices. 

The safety of the procedure is reflected in 
the minimal morbidity reported in large 
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series of splenic portography. Splenic punc- 
ture for the purpose of manometry alone 
should have even lower morbidity. We have 
experienced no complications with splenic 
pulp manometry in this series of 113 cases. 
Emergency puncture of the spleen could not 
be achieved in only 2 instances. Obvious 
severe blood coagulation defects and inabil- 
ity of the patient to co-operate are contra- 
indications to the procedure. 

The greatest dilemma in diagnosis arises 
in those patients with some historical or 
physical stigmas of cirrhosis. Some patients 
may be spared the risks and discomfort of an 
unnecessary balloon tamponade if splenic 
pulp pressure is first determined to estab- 
lish if portal hypertension in fact exists. 

The procedure is a relatively simple one, 
requiring no complex apparatus or labora- 
tory techniques. For this reason it may be 
easily utilized in the small as well as the 
large hospital during hours in which facili- 
ties or personnel might not be available for 
the prompt performance of either complex 
roentgen examinations such as splenic por- 
tography or of emergency liver function 
studies. In larger clinics manometry may 
serve to limit portography to those patients 
with elevated pressures. 

It should be mentioned that infrequently 
the clinician may conceivably encounter a 
patient with varices who is bleeding from a 
site other than the varices. Concomitant 
bleeding from varices and from other sites 
may also rarely occur. We know of no one 
accurate simple method to determine these 
combined possibilities which have fortunate- 
ly been rare in our experience. 


CASE REPORTS 


The following brief case reports may serve 
to illustrate the value of splenic manometry 
in assessing the patient bleeding acutely 
from the upper gastrointestinal tract: 


Typical Cases of Upper Gastrointestinal Hemorrhage 
of a Questionable Etiology 


Case 1. T. B., a 53 year old white male, was ad- 
mitted in shock following severe hematemesis and 
melena. A history of alcoholism was elicited and mild 
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icterus and hepatomegaly were noted. The hemato. 
crit was 21. The initial impression was of bleeding 
esophagogastric varices. A splenic pulp pressure of 15) 
millimeters of water, however, favored a site othe 
than varices. Portography was negative. Conventional 
antishock therapy without balloon tamponade wa 
immediately instituted. Bleeding ceased spontaneow. ! 
ly. Subsequent roentgen investigation revealed duo. 
denal ulcer and further confirmed the absence of 
varices. Two months later, bleeding recurred and did 
not respond to conservative measures. An emergency 
subtotal gastrectomy was performed. The preopera- 
tive diagnosis of bleeding duodenal ulcer based on 
previous work-up was confirmed. A concomitant 
diagnosis of cirrhosis was also confirmed at operation. | 
The patient has done well in the 214 month follow-up 
period to date. 

Case 2. G. M.,a 62 year old white male, was admit. 
ted with hematemesis and melena. Hepatomegaly 
was present. Hematocrit was 19. Splenic pulp pressure 
measured 560 millimeters of water. Balloon tamponade 
was, therefore, immediately utilized with success. 
Following this episode of hemorrhage, hepatic de- 
compensation became evident with associated ascites, | 


jaundice, and hypoproteinemia. Splenic portography } 
confirmed the diagnosis of esophagogastric varices, as 
well as demonstrating a patent portal vein. A porta- 


caval shunt was postponed until satisfactory improve- | 
ment could be realized; however, in this interval the > 


patient re-bled massively. A Sengstaken tube was | 
passed and an emergency portacaval shunt was per- | 
formed. The patient has made a good recovery and 
has not rebled in the ensuing 5 months to date. 
Case 3. A.B.,a 48 year old known cirrhotic female, 
was admitted with severe hemorrhage from the upper | 
gastrointestinal tract. Hepatomegaly was present. 


The hematocrit was 21. The clinical impression im- | 
plied that this patient was probably bleeding from > 


esophagogastric varices. However, a splenic pulp | 
pressure of 195 millimeters of water favored a source } 
other than varices. Balloon tamponade, therefore, was 
not used. A markedly elevated prothrombin time of 
108 seconds (control 15 seconds) was lowered to 18 
seconds following the intravenous administration of 
50 milligrams of mephyton and bleeding ceased. 
Twelve hours after admission lateralizing neurologic 
signs and elevated spinal fluid pressure suggested 
intracerebral as well as gastrointestinal bleeding. 
Coma ensued and the patient expired. Serum am- 
monium was not elevated, supporting the impression 
gained from manometry (i.e., normal portal tension 
with cirrhosis). Necropsy revealed portal cirrhosis, 
hypertrophic gastritis with focal erosions and sub- 
arachnoid hemorrhage. 


These 3 patients with cirrhosis of the 
liver and upper gastrointestinal bleeding are 
illustrative of the usefulness of emergency 
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splenic pulp manometry in prompt and ac- 
curate evaluation of whether or not a state of 
portal hypertension and varices existed. More 
selective and judicious use of balloon tam- 
ponade and portography has resulted. 


Cases of Upper Gastrointestinal Bleeding of Questionable 
Etiology with Additional Complicating Features 


Case 4. P.C., a 46 year old male, was admitted with 
hematemesis and melena and shock. Five years 
previously a direct end-to-side portacaval shunt had 
been performed at another institution. He had con- 
tinued to imbibe alcoholic beverages in the years fol- 
lowing the shunt. The hematocrit was 31. With trans- 
fusion in progress, a splenic pulp pressure of 230 
millimeters of water was obtained. It was believed 
that this evidence favored a lesion other than varices 
as the source of bleeding. Balloon tamponade was not 
utilized, blood volume was restored, and bleeding 
subsequently ceased spontaneously. Portography re- 
vealed an open and efficient portacaval anastomosis. 
Subsequent roentgenograms revealed evidence of 
hypertrophic gastritis without varices or ulcer. He 
made an uneventful recovery under conventional 
conservative treatment with no further bleeding. 


Because of a history of portal hyperten- 
sion, portacaval surgery, and generous alco- 
holic intake, the admitting physicians, 
postulating closure of the shunt, recurrence 
of varices, and hemorrhage therefrom, 
favored immediate balloon tamponade. The 
prompt performance of splenic pulp manom- 
etry clarified the dilemma and avoided the 
use of the Sengstaken balloon. The bleeding 
ceased spontaneously with conservative 
measures. Although, in this patient, varical 
bleeding had been successfully prevented by 
a surgical portacaval shunt, the mechanism 
for the occurrence of increased serum am- 
monium level secondary to gastrointestinal 
bleeding remained. Emergency determina- 
tion of serum ammonium level alone, there- 
fore, may have been misleading here. 


Case 5. M. F.,a57 year old white male, was admitted 
comatose and in shock following severe upper gastro- 
intestinal bleeding. Twenty-two days previously a 
direct end-to-side portacaval shunt had been at- 
tempted at another institution. The hematocrit was 
19. Splenic pulp pressure was 395 millimeters of water. 
Simultaneous portography demonstrated a complete 
block at the portacaval anastomotic site with marked 
backflow in all mesenteric venous tributaries, includ- 
ing esophagogastric varices. Balloon tamponade with 


Panke ef al.: SPLENIC PULP MANOMETRY TEST IN DIFFERENTIAL DIAGNOSIS 277 


the Sengstaken-Blakemore tube was utilized with re- 
sulting arrest of hemorrhage. After a month of sup- 
portive therapy, splenorenal anastomosis was accom- 
plished. A 100 millimeter of water drop in splenic 
vein pressure was obtained. Fourteen months later the 
patient is well and has had no recurrence of bleeding. 


Information obtained after this patient 
was admitted revealed that there was no 
drop in pressure following portacaval anasto- 
mosis. This suggested that the shunt had 
probably never functioned. Even in the 
absence of this information, the elevated 
splenic pulp pressure served as an accurate 
index of the status of the shunt and the site 
of hemorrhage. 


Case 6. M. F., a 42 year old female, was admitted 
with a history of vomiting of blood, presumably from 
the upper gastrointestinal tract. Although pulmonary 
tuberculosis was known to exist, the admitting 
physicians witnessed the emesis of a liter of blood. 
The hematocrit was 30. Because of a history of heavy 
alcoholic intake and an enlarged liver, a Sengstaken 
balloon was passed and this maneuver seemingly con- 
trolled bleeding. Surgical consultation was requested. 
A splenic pulp pressure was then promptly taken. A 
reading of 150 millimeters of water made the diag- 
nosis of varices unlikely and the Sengstaken tube was 
removed. Splenic portography at the same time re- 
vealed no evidence of varices. Later investigation re- 
vealed a small tuberculous cavity in the upper lobe 
of the right lung. This was the. presumptive site of 
hemorrhage rather than the upper gastrointestinal 
tract. Roentgenograms showed the gastrointestinal 
tract to be normal. No further bleeding has occurred 
in the ensuing 13months. A needle biopsy confirmed 
the diagnosis of cirrhosis of the liver. 


This case illustrates two sources of diag- 
nostic difficulties in patients bleeding from 
the upper gastrointestinal tract: (1) a pa- 
tient with cirrhosis bleeding from a site 
other than varices, and (2) the occasionally 
difficult differentiation between hemoptysis 
and hematemesis. The rapid determination 
of splenic pulp pressure prompted the im- 
mediate removal of the Sengstaken balloon. 
Manometry was not consistent with portal 
hypertension and bleeding varices. ‘This 
finding which was followed by later clinical 
and laboratory observations, including por- 
tography, resulted in an accurate diagno- 
sis with the prompt institution of appro- 
priate therapy. 


1 
bis 


Cases in Which Splenic Pulp Manometry Alone Was Not 
Definitive in Determining the Presence or Absence of Varices 


Case 7. H. C., a 44 year old female schoolteacher, 
was admitted with hematemesis and melena which had 
begun 24 hours prior to admission. Icterus and hepato- 
megaly were present. The spleen was not palpable. 
The hematocrit was 28. Splenic pulp pressure was 
257 millimeters of water. This reading falls in the 
marginal overlap area between 250 and 290 milli- 
meters of water in which varices may or may not be 
present. A trial of balloon tamponade effectively con- 
trolled the bleeding. Although our usual practice is 
to continue tamponade for 48 hours, the relatively 
low splenic pulp pressure in this patient prompted us 
to remove the Sengstaken tube after 12 hours. Bleed- 
ing did not recur. Subsequent roentgenograms of the 
gastrointestinal tract, esophagoscopy, and portography 
have revealed esophageal varices and no gastro- 
duodenal ulcer. 

Cass 8. F. W., a 69 year old known cirrhotic female, 
was admitted in shock secondary to hematemesis and 
melena. Hepatomegaly was present, but the spleen 
was not felt. Her splenic pulp pressure was 265 milli- 
meters of water. Massive hemorrhage persisted in 
spite of balloon tamponade. Ten hours after admis- 
sion, abdominal exploration was carried out. A large 
posterior duodenal ulcer was noted and subtotal 
gastrectomy performed. No varices were noted. 

Case 9. A. M., a 41 year old male, was admitted 
with hematemesis and melena. A history of heavy alco- 
holic intake was elicited but no physical findings sug- 
gestive of cirrhosis were detected. There were antece- 
dent symptoms suggestive of peptic ulcer. The 
hematocrit was 31. Splenic pulp pressure was 252 
millimeters of water. Bleeding ceased with conserva- 
tive measures. Subsequent investigation indicated 
duodenal ulcer and no cirrhosis of the liver. A 
laparotomy was performed and these diagnoses were 
confirmed. A subtotal gastrectomy was performed. 
The patient has not bled in the ensuing 9 months. 


These 3 cases (7, 8, and 9) are examples 
of those patients whose splenic pulp pres- 
sures fell in the overlap area (between 250 
and 290 millimeters of water) which has 
included patients with and without varices. 
As illustrated by Case 6, patients bleeding 
from varices whose pressures fell in this zone 
were in all instances controlled without re- 
sorting to emergency surgery. On the other 
hand, as shown in Case 7, when patients 
with splenic pulp pressures in this area be- 
tween 250 and 290 millimeters of water re- 
quired surgery for arrest of continuing hem- 
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orrhage, bleeding always originated from ; 
source other than varices. 


SUMMARY 


The problem of early differentiation be. 
tween esophagogastric varices and other! 
sources of acute upper gastrointestinal hen. 
orrhage is often seen in clinical practice. 

Excellent correlation between portal ten- 
sion and the degree of portal collateraliza- 
tion as demonstrated by portography had | 
previously been shown. The highest pres. 
sures were recorded in patients with esoph- 
agogastric varices. Furthermore, splenic 
pulp pressure has proved to be a good index | 
of actual portal vein pressure. These findings 
suggested that splenic manometry alone 
might yield valuable diagnostic information 
as to the presence or absence of varices in 
patients bleeding acutely from the upper} 
gastrointestinal tract. 

The procedure of splenic pulp manometry 
as a primary diagnostic test in 113 patients 
who bled or were bleeding from the upper 
gastrointestinal tract has proved to be 9 
per cent accurate in determining the presence | 
or absence of esophagogastric varices. 

The procedure is relatively simple, direct, } 
practical, and safe. The immediate knowl- 
edge of the presence or absence of varices 
gained from its use has resulted in a more 
accurate appraisal and more effective man- 
agement of these patients. 
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PRIMARY SURGICAL TREATMENT OF INVASIVE CANCER 
OF THE CERVIX 


LANGDON PARSONS, M.D., F.A.C.S., FRANK CESARE, M.D., and 
GILBERT H. FRIEDELL, M.D., Boston, Massachusetts 


An ANALYsIs has been made of 104 cases of 
surgically treated cancer of the cervix 
representing all clinical stages of the disease. 
During the analysis every effort has been 
made to correlate clinical data with patho- 
logic findings. 

The literature contains many reports of 
large series of cases in which attempts were 


during the course of treatment it is often 
difficult to evaluate the part that surgery 
played in curing the disease. 

The present series, although small, is 


aa | different in that surgical treatment alone 
*| has been used. The operative procedure has 


been tailored to fit the amount of disease 
that the patient was thought to have. In the 
interest of assessing the true worth of surgi- 
cal treatment for this disease no cases of 
carcinoma in situ are included, and in all 
cases invasive disease of the cervix was 
present when the specimen from the defini- 
tive operative procedure was examined. 


MATERIAL AND METHODS 


From 1947 through 1956 either a Wer- 
theim hysterectomy with pelvic lymph- 
adenectomy or a pelvic exenteration was 
performed in each of 104 cases of previously 
untreated primary carcinoma of the cervix. 
During this period an additional 147 pa- 
tients with cancer of the cervix previously 
treated by radiation were subjected to the 
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Wertheim operation combined with pelvic 
lymphadenectomy (52 cases) and pelvic 
exenteration (95 cases). This latter group 
will be reported at a later date. 

The present series includes 80 Wertheim 
hysterectomies with pelvic lymphadenec- 
tomy, 13 total pelvic exenterations, and 11 
partial exenterations. Detailed descriptions 
of these operations have been previously 
presented and will not be given here. 

Most of the surgery was performed at the 
Massachusetts Memorial Hospital, but some 
operations also were performed at the 
Pondville, Massachusetts General, New 
England Deaconess, and Lemuel Shattuck 
Hospitals. 

Clinical records were reviewed with 
particular attention paid to the age of the 
patient at the time of diagnosis, the pre- 
operative clinical stage of the cancer, the 
preoperative physical condition of the pa- 
tient as well as the operative and postopera- 
tive complications, recurrences, and long 
term results of therapy as gauged by fol- 
low-up examination of the patient. 

All available microscopic slides from the 
operative specimens were reviewed without 
knowledge of the outcome of the case. The 
histologic type, grade, and extent of tumor 
were recorded as well as the presence of 
blood vessel and lymphatic invasion. Only 
hematoxylin and eosin preparations were 
available at the time of this study and no 
additional sections were re-cut during the 
course of it. Whenever possible the pre- 
operative and any postoperative biopsy 
specimens were also reviewed, as well as 
material from the few autopsies that were 
performed in this group of cases. 
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TABLE I.--DISTRIBUTION OF 104 CASES ACCORDING 
TO CLINICAL STAGES 


Stage No. of cases 
Wertheim 

Exenteration 


The average age of all patients in this 
series was 49 years. The youngest was 26 
and the oldest 83 years. Ninety per cent were 
between the ages of 35 and 68 years. There 
was no apparent relationship between the 
age of the patient and the clinical stage of the 
cancer. 

All cases were staged preoperatively ac- 
cording to the International Classification. 
Forty-six were in stage I, 41 were in stage 
II, 4 in stage III, and 13 in stage IV (Table 
I). Stage II was further subdivided into 
two groups, IIa and IIb, depending on the 
preoperative clinical estimate of the extent 
of spread of the cancer beyond the cervix. 

When the tumor had spread to the vagi- 
nal fornix or had just begun its extension 
into the paracervical area it was classified 
as Ila. Patients who had palpable indura- 
tion extending to the side wall of the pelvis 
on one side or the other, but not a fixed 
mass, were classified as IIb. 

The 80 Wertheim hysterectomies com- 
bined with pelvic lymphadenectomies were 
performed primarily in stages I and II 
cases. Experience acquired early in this 
series led to the belief that the Wertheim 
operation should be performed only for 
stages I and IIa, but not IIb. Accordingly, 
a few patients in stage IIb were subjected 
to either anterior or total exenteration when 
it was thought, at exploration, that the 
Wertheim operation would have been an 
inadequate cancer operation for the amount 
of disease present (Table I). 

It is well recognized that the examining 
finger does not give complete accuracy in 
estimation of the extent of tumor. In order 
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TABLE II.—DISTRIBUTION OF 104 CASES ACCORDING 
TO CLINICAL AND PATHOLOGIC CLASSIFICATION 


— International classification. Meigs and Brunschwig classification 


Stage No. Per cent Class No. Per cent 
I 46 44.3 A 39 37.5 
Ila 20 19.2 B 19 18.3 
IIb 21 20.1 Cc 2 11.5 
III 4 3.9 D 19 18.3 
IV 13 12.5 E 14 13.5 
F 1 0.9 

Total 104 100.0 104 100.0 


to compare our clinical evaluations with the 
final histologic findings and permit com- 
parison of the results in this series with 
others reported in the literature all cases 
were reclassified according to the criteria 
suggested by Meigs and Brunschwig (7) in 
1952. In their surgical pathologic classifica- 
tion they propose the following groups: 
O—carcinoma in situ; A—lesions confined 
to the cervix; A,—invasive carcinoma pres- 
ent in the biopsy specimen but not in the 
hysterectomy specimen, so-called ‘‘invasive 
biopsy’?; B—extension to corpus or upper 
two-thirds of vagina; C—extension to para- 
cervical and paravaginal tissue and lymph 
nodes of these areas, and to the lower third 
of the vagina; D—involvement of pelvic 
lymph nodes other than those in C; E— 
extension to bladder or rectum; F—ex- 
tension to the pelvic wall or metastasis to 
distant areas. 

In all invasive cancer was present in the 
hysterectomy or exenteration specimen. 
The 104 cases are classified in Table I and 
subdivided according to the type of opera- 
tion performed. 

Comparison of the preoperative clinical 
staging with the postoperative classification 
shows that in 7 (15 per cent) of the 46 cases 
in International stage I the cancer was 
more extensive than was clinically apparent. 
A similar discrepancy between clinical esti- 
mates and pathologic findings is noted 
when one compares stage IIb with classes C 
and D (Table IT). A clinical error of similar 
magnitude (18 per cent) was reported by 
Morris and Meigs, while Henricksen re- 
ported a discrepancy of 25 per cent be- 
tween the clinical and pathologic assess- 
ment of the extent of the disease. 
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‘TABLE II1.—INCIDENCE OF POSITIVE NODES 


Positive nodes_ 


Stage No. of cases No. Per cent 
IIb (Wertheim).............. 14 6 42.9 
IIb (exenteration)............ 7 3 42.8 

13 4 30.8 


PATHOLOGIC CONSIDERATIONS 


There were 100 epidermoid carcinomas 
and 4 cases of adenocarcinoma in this study. 
Invasive carcinoma was present in the 
specimens of the definitive operations as 
well as in the preoperative biopsy speci- 
mens. None of the cases in this series were in 
either class O or Ag. 

Direction of spread. From the data in Table 
II, it is possible to get an idea of the pattern 
of tumor spread in these cases. In the ex- 
enteration specimens, for example, tumor 
was seen invading the bladder and/or 
rectum more frequently than the _peri- 
ureteral tissue (15 cases of 24). If the ureters 
can be considered as the lateral boundaries 
of the paracervical tissue the tumor then 
appears to spread in a fore and aft direction 
to a greater extent than it does in a lateral 
fashion. 

Lymph node involvement. Lymph node me- 
tastases were encountered in 20 of the 104 
cases or 19.2 per cent (Table III). In the 87 
stages I and II cases, comprising 77 per cent 
of the series, there were 16 cases (18 per 
cent) of node metastases. These figures for 
node metastases in stages I and II are 
similar to those reported by Meigs (6). The 
surprising element appears in the 24 exen- 
teration cases in which the operation was 
performed in late stage IIb and stages III 
and IV. Though the disease had spread ex- 
tensively to involve bladder or rectum in 15 
of them (62.5 per cent) the incidence of 
nodal metastases did not increase in propor- 
tion. Indeed, there were positive nodes 
present in only 4 cases in stages III and IV. 
This is a much lower incidence of positive 
nodes than that reported by Brunschwig 
and Daniel (2) or by Silva, Parsons, and 


TABLE IV.—ANATOMIC DISTRIBUTION OF LYMPH 
NODE METASTASES IN 20 CASES 


Site No. of positive nodes 
2 


Friedell. However, it underscores the clini- 
cal observation that even with marked local 
extension of cervical cancer, lymph node 
metastases are often absent. This observa- 
tion is in contrast to Javert’s theory that 
parametrial extension of disease and fixa- 
tion are probably late sequelae resulting 
from retrograde spread in the lymphatics, 
secondary to blockade of iliac, obturator, 
and other nodes by tumor. It does, how- 
ever, coincide with Henricksen’s observa- 
tions based on a study of necropsy material. 
He, too, has noted the tendency to fore and 
aft spread of cervical cancer and the sur- 
prising absence of any nodal metastases at 
times in the presence of a considerable 
volume of tumor. 

The anatomic distribution of lymph node 
metastases is shown in Table IV. In almost 
all of the 104 cases in this series an effort 
was made by the surgeon to identify groups 
of lymph nodes in situ during the operation, 
to remove them in anatomic groups, and to 
submit them to the laboratory in separate, 
labeled containers. Obviously it was not 
always possible to be absolutely sure of this 
identification, but by following this pro- 
cedure it was thought that data concerning 


TABLE V.—END RESULTS ACCORDING TO CLINICAL 


STAGE 
——5 year survival__ 

Stage No. of cases No. patients _‘Per cent 
Wertheim group 

14 12 85.7 

Exenteration group 

72 47 65.3 


boas ida 


j 
- 
a 
‘ 
= 


TABLE VI.—FIVE YEAR SURVIVAL IN PATIENTS 
WITH POSITIVE NODES 


——5 year survival__. 

Stage No. patients No. patients Per cent 
Wertheim group 

11 4 36.3 
Exenteration group 

3 0 0 

AY 4 0 0 


the location of lymph nodes involved by 
tumor would be fairly reliable and helpful 
in plotting the spread of disease. ‘Tumor 
was found most often in the obturator 
group, either right or left, and least often 
in the nodes furthest removed—the aortic. 


RELATION OF LYMPH NODE INVOLVEMENT TO 
VOLUME OF TUMOR IN THE PRIMARY SITE AND 
TO SURVIVAL 


When cervical cancer is relatively small, 
or in its “early stage,” there appears to be 
some direct relationship between tumor 
size or volume and the frequency of met- 
astatic tumor in regional lymph nodes. 
Thus, Friedell and Graham suggest that, 
insofar as metastases are concerned, 1 centi- 
meter in diameter may be a critical size for 
cervical cancers. To illustrate that no ab- 
solute statement can be made in this re- 
gard, however, is the fact that their report 
includes 1 case of small cancer of the cervix 
in which a solitary metastasis was found in 
an iliac lymph node. In cases of larger stage 
I cancers the size of the lesion also appears 
related in some degree to the frequency of 
regional node metastases. When the cancer 
was reported on clinical examination to 
measure less than 2 centimeters in diameter 


TABLE VII.—5 YEAR SURVIVAL BASED ON PATHO- 


LOGIC CLASSIFICATION 
Meigs and Brunschwig —5 year survival__ 
classification No. of cases No. cases Per cent 
26 21 80.8 
47 
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in patients treated by Wertheim hysterec. 
tomy and pelvic lymphadenectomy, lymph 
node metastases were distinctly less common 
than when the primary lesion was larger. 
In cases of cervical cancer in stages II, 
III, and IV, that is cancer extending be- 


yond the cervix, there is no such nice cor- | 


relation between size or extent of primary 
tumor and lymph node metastases, al- 
though in a general way there is a parallel 
between tumor volume at or near the pri- 
mary site and metastases. With larger tu- 
mors other factors than tumor volume as- 
sume a relatively more important role in 
determining whether or not metastases to 
regional nodes or elsewhere will occur. 
Thus, although a certain volume of tumor 
might be thought of as being the minimum 
amount needed before metastasis could oc- 
cur, whether or not metastases do occur 
would depend on the degree of resistance, 
or lack of it, on the part of the host and on 
the virulence or “spreading potential’’ of 
the cancer. 

Positive lymph nodes are significant inso- 
far as they reflect the overriding of host re- 
sistance by the tumor. The involvement of 
lymph nodes does not appear to be an essen- 
tial intermediate step in the further dissemi- 
nation of the cancer, although on occasion 
tumor may spread first from the cervix to a 
lymph node and then to other sites. In such 
instances of metastasis to solitary nodes or 
to only a few nodes in a group, the volume 
of primary tumor will undoubtedly be rela- 
tively small, that is, most such instances will 
be seen in stage I, with fewer cases seen in 
stages II, III, and IV. 

This theory may explain the fact that al- 
though in stage I it is possible to salvage 50 
per cent of patients with positive nodes by a 
Wertheim hysterectomy and pelvic lymph- 
adenectomy, only 20 per cent of patients 
with positive nodes can be salvaged by sur- 
gery in stage II, and none in stages III and 
IV. In those patients with positive nodes 
surviving 5 or more years after surgery all of 
the cancer, including metastatic foci as well 
as primary disease, was apparently removed. 
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TABLE VIII.—PELVIC RECURRENCES FOLLOWING THE WERTHEIM OPERATION 


Time of 
recurrence, 
Patient Pathology mos. Treatment Outcome after initial surgery 
C.E. Stage I epidermoid ca., Class D 5 Radiation Dead with ca. 15 months 
M.E. Stage I epidermoid ca., poorly diff., Class A 2 Radiation Dead with ca. 1 year 
C.H. Stage IIb epidermoid ca., Class D 5 Bilat. skin ureterostomy Dead with ca. 13 months 
C.R. Stage I epidermoid ca., poorly diff., lymph. inv., 6 Exenteration Dead with ca. 9 months 
Class A F 
Cc. M. Stage IIb adenoca., Class D 4 Radiation Dead with ca. 7 months 
B.L. Stage IIb epidermoid ca., lymph inv., Class C Skin ureterostomies, radiation Dead with ca. 1 year 
B.E. Stage IIb epidermoid ca., lymph and blood vessel 13 Exenteration Dead with ca. 5 years 
inv., Class A 
F.A. Stage IIb epidermoid ca., poorly diff., lymph and 6 Radiation Dead with ca. 18 months 
blood vessel inv., Class D 
T.L. Stage Ila epidermoid ca., poorly diff., Class B 19 Exenteration Dead with ca. 2 years 
G.R. Stage I epidermoid ca., poorly diff., Class D 9 None Dead with ca. 1 year 


In those patients with negative nodes (81 
per cent) the survival would appear to be 
directly related to the size and extent of the 
primary tumor and the completeness with 
which it was removed. 


THE ROLE OF BLOOD VESSEL INVASION 


From these histologic data and from a 
previous study (9) it would appear that 
blood vessel invasion may be a more im- 
portant prognostic factor than had previ- 
ously been thought. The frequency of its 
occurrence in those patients with recurrent 
tumor is seen in Table VIII. 

As noted previously only hematoxylin and 
eosin stains have been available in the his- 
tologic studies thus far. It is expected that 
a more accurate evaluation of the frequency 
of blood vessel invasion and its importance 
in the spread of tumor will be forthcoming 
from a study now in progress in which 
special stains are utilized. 


END RESULTS 


All of the 104 patients have been traced. 
End results are summarized in Table V. 
There were 72 patients treated more than 5 
years ago. Of these, 47 survived the 5 year 
period, a relative cure rate of 65.3 per cent. 

The 5 year salvage for stage I was 78.1 
per cent. The survival figure dropped to 68 
per cent in stage II. The Wertheim opera- 
tion with bilateral pelvic lymphadenectomy 


was the procedure selected for stages I and 
II with a 5 year survival figure of 73.6 per 
cent. These figures compare favorably with 
the published results of Meigs (6) and of 
Brunschwig (1). 

Our belief that the Wertheim operation 
with node dissection is not an adequate pro- 
cedure for all stage II cancers of the cervix 
is well substantiated by the 5 year salvage 
rates when stage II cases are broken down 
into substages Ila and IIb. The figure for 
stage IIa following the Wertheim operation 
and node dissection was 85.7 per cent but 
only 45.5 per cent when stage IIb cases were 
so treated. Five of the 10 patients who had 
a local recurrence of the tumor were in stage 
IIb treated by the Wertheim operation 
(Table VIII). When this type of operation is 
restricted to stages I and Ila the 5 year 
salvage is 81.9 per cent. 

In the exenteration group, 15 patients 
were operated upon 5 years ago. Eight pa- 
tients had a partial or anterior exenteration, 
and 3 of them survived 5 or more years. 
Seven had a total exenteration and 3 of 
them survived 5 or more years. 

Seven of the exenteration cases had posi- 
tive nodes and none survived the 5 year 
period (Table VI) in contrast to 5 survivors 
in the group of 8 with negative nodes. In 
stages I and IIa 3 of 6 patients with positive 
nodes are well 5 years after the Wertheim 
operation. As the disease became more ex- 
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TABLE IX.—PELVIC RECURRENCE FOLLOWING EXENTERATIONS 


Patient Pathology 

S..E. Stage IIb epid. ca. Class D 

Hi. V. Stage IIb epid. ca. Class D 

H. F, Stage IV epid. ca., poorly diff., Class E 


tensive in the cervix (stage IIb) the survivals 
were but 1 in 5 with the same operation. 

It would seem that cancer of the cervix is 
curable in a fairly high percentage of d¢ases 
provided the disease is confined to the cervix 
and the immediately adjacent areas. Table 
VII shows 5 year survivals based on the 
surgical pathologic classification. 

Local recurrence. ‘There were 10 local pelvic 
recurrences in the group who had Wertheim 
hysterectomies with node dissection, an 
incidence of 15 per cent. Seven of these re- 
currences appeared in the early part of this 
study, from 1947 through 1950. During this 
period Wertheim hysterectomies and node 
dissections were being done for all cases in 
stage II. Five of the 10 cases with recurrence 
were in stage IIb. ‘The implication seems to 
be that in stage IIb the Wertheim operation 
with node dissection was insufficient to re- 
move all the tumor. When recurrences ap- 
peared in stages I or Ila after the Wertheim 
procedure (5 cases) the patient either had 
had positive nodes or the tumor was de- 
scribed as poorly differentiated (Table 
VIII). 

The recurrences following the Wertheim 
operation tended to appear within a few 


TABLE X.—COMPLICATIONS AND OUTCOME 


No. com- Nonsurgical Surgical Im- 
plications treatment treatment proved 
Wertheim group (80) 


Ureteral fistulas....... 8 1 7 7 
Vesicovaginal fistulas... 4 2 2 3 
Pyelonephritis.......... 5 2 3 5 
Subdiaphragmatic 
1 0 1 1 
Small bowel obstruction 2 0 2 z 
Exenteration group (24) 
Fecal 3 0 3 
Wound eepais... 3 3 0 1 
Failure of 
ureteroenterostomy.. . 2 Z 


Time of 
recurrence, 
mos. Treatment Results 
4 Radiation Dead with ca. 1 year 
4 Surgery Dead with ca. 5 months 
21 Surgery Alive 3 years 


months after surgery. In 7 of the 10 cases 
tumor was apparent on pelvic examination 
in 7 months or less. In the other 3 cases re- 
current tumor was noted in 9, 13, and 19 
months respectively. 

In the group of 24 exenteration cases there 
were 3 local recurrences (‘Table [X). Two 
occurred after anterior exenterations for 
stage IIlb carcinoma while 1 appeared fol- 
lowing total exenteration of a stage IV 
lesion. All had positive nodes (class D of 
Meigs and Brunschwig). In the first 2 the 
recurrence following anterior exenteration 
was noted 4 months after surgery, and death 
occurred in both within 1 year. The recur- 
rence after total exenteration did not de- 
velop until 21 months after the operation. 
This patient had further surgery in the form 
of radical vulvectomy and bilateral groin 
dissection. She is alive without recurrence 3 
years after the second operation. 

Secondary treatment for the recurrences 
in this series has produced but 1 surviving 
patient whether the treatment was further 
surgery or radiation. The fact that the pa- 
tients who had recurrence had either posi- 
tive nodes, poorly differentiated carcinoma, 
or blood vessel invasion probably serves as 
adequate explanation for their resistance to 
therapy. 

Radiation appears as a form of treatment 
in this series only when given in 6 cases 
after postoperative recurrence of tumor. 
Since none survived, the total salvage of 
65.3 per cent for all stages of disease may be 
attributed to surgery alone. 

Morbidity. Though the salvage in this 
small series of surgically treated cervical 
cancer in all stages of disease has been en- 
couraging, it was achieved at the expense of 
33 major complications in the 104 cases 
(Table X). 


orc 
in 
| 
the 
an 
Ol 
ph 
m 
Th 
ne 
an 
12 
4 sp 
pt 
ot 
cole 
in 
af 
in 
sr 
4 
tl 
P 
al 
h 
Sl 
y 
1 
0 
: t 
; 
« 
( 
{ 
: 


5 
1 year 


5 months 


) Cases 
nation 
ses re- 
nd 19 


there 
. Two 
1s for 
d fol- 
pe iV 
D of 
2 the 
ration 
death 
recur- 
yt de- 
ation. 
form 
groin 
nee 3 


ences 
riving 
irther 
pa- 
posi- 
oma, 
yes as 
ice to 


ment 
cases 
ze of 
ay be 


this 
vical 
1 en- 
ise of 
cases 


Parsons et al.: PRIMARY SURGICAL TREATMENT OF INVASIVE CANCER OF CERVIX 285 


‘Two-thirds of the complications in the 
group treated by the Wertheim operation 
with node dissection (80 cases) were urologic 
in nature. Of the 17 urinary tract sequelae, 
there were 8 ureteral fistulas (10 per cent) 
and 4 vesicovaginal fistulas (5 per cent). 
Obstructive hydronephrosis and _ pyelone- 
phritis accounted for the other 5 (6 per cent). 
Two of the 12 urinary fistulas healed spon- 
taneously within1 year while 10 were treated 
surgically: 4 by nephrectomy, 2 by unilateral 
nephrostomy, 1 by bilateral nephrostomy, 
and 3 by ureteroenterostomy. Seven of these 
12 patients are now alive and 5 are dead. 
Three of the 5 lived 2, 4, and 5 years re- 
spectively. 

In the patients treated by the Wertheim 
procedure there were 8 major complications 
outside of the urinary tract. Pelvic sepsis 
occurred in 5 cases, small bowel obstruction 
in 2, and subdiaphragmatic abscess in 1. 
Secondary operations required in this group 
included 2 exploratory laparotomies with 
small bowel resection. 

In the exenteration group of 24 cases 
there were 8 major complications with 3 
fecal fistulas, 3 instances of wound sepsis, 
and 2 failures of ureteroenterostomy. All 
had successful secondary operations. Three 
subsequently died of other causes, 2 to 6 
years postoperatively. 

Early and late mortality. The number of op- 
crative deaths, based on the arbitrary 30 
day period following surgery, was 8 of the 
104 cases or 7.7 per cent. Six of these 
occurred after total exenteration and 1 after 
a partial (anterior) exenteration. Only 1 of 
the 8 occurred in the Wertheim group (80 
patients). This patient died suddenly on the 
sixth postoperative day of massive pul- 
monary embolism. Twenty-eight patients 
died later. Of these, 13 lived 2 to 5 years 
and 10 others survived 12 months or more. 


CONCLUSION AND SUMMARY 


This study has been made solely to evalu- 
ate the role of surgery in the treatment of 
cancer of the cervix. We have not been in- 
terested in discussing the relative merits of 


surgery or radiation or any combination of 
the two. We are aware that many will be 
unwilling, or think it unwise, to perform 
exenteration operations for more advanced 
stages of cervical cancer. It is apparent, 
however, from the figures presented in this 
series that, if surgery is to be chosen as the 
form of therapy, no single operation can 
be expected to be adequate for all stages 
of the disease. Since the amount of disease 
present is more than the clinical estimate in 
15 to 20 per cent of the cases it is obvious 
that the surgeon cannot make the Wertheim 
procedure and node dissection do more than 
it is designed to do. Faced with this possi- 
bility he must be prepared to do either an 
anterior or total exenteration or discontinue 
the surgical attack. If he elects to do the 
more radical procedures he must be pre- 
pared to pay a price in morbidity and 
mortality. 

One of the most interesting observations 
in this study is the pronounced tendency of 
this cancer to remain confined to the cervix 
and the tissue immediately adjacent to it. 
In only 7 of the 66 stages I and Ila cases in 
which the Wertheim has its rightful place 
were there positive nodes. In two-thirds (25 
of 38) of the cases which were classified as 
stages IIb, III, and IV, there was no meta- 
static disease to regional nodes. This is in 
keeping with our previously cited observa- 
tions on 60 exenteration cases performed for 
cervical cancer. In two-thirds of those cases 
also negative nodes were present despite ex- 
tensive local disease. 

It is our belief that cancer of the cervix 
spreads by contiguous growth in a fore and 
aft direction far more frequently than is 
generally considered. ‘Two-thirds of the pa- 
tients in this series who had enough disease 
to warrant exenteration had bladder or 
rectum involvement, yet only 7 of 24 had 
lymph node metastases. Lateral spread does 
occur but in many instances it is limited to 
the paracervical and paravaginal tissues. 

When lymph node metastases appear, a 
favorable prognosis is in jeopardy in propor- 
tion to the amount of disease present in the 
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cervix. One-half of the patients with positive 
nodes in stage I are alive at 5 years but none 
in stages III and IV. 

From this clinicopathologic study it would 
appear that the problem of successful man- 
agement rests largely on the adequacy with 
which the local spread of the disease is 
treated. The emphasis should not be pri- 
marily on the node dissection but on the 
adequate excision of the paravaginal and 
paracervical tissue. It must be noted that 
this type of therapy does not consist of the 
type of hysterectomy usually performed for 
benign disease coupled with a lymph node 
dissection. 

Indecision as to the proper form of therapy 
to employ in the treatment of cancer of the 
cervix has been fostered by acrimonious dis- 
cussions concerning the relative merits of 
surgery or radiation to cure nodes. If the 
emphasis in treatment is placed on how well 
the local disease is managed rather than on 
how effectively lymph node metastases are 


dealt with, the results of therapy will im- 
prove whether surgery or radiation is used. 
To be successful both types of therapy must 
adequately remove or destroy the local 
disease. 
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THE EFFECT OF AN ARTERIOVENOUS FISTULA ON 
INTRAMEDULLARY BONE PRESSURE 


St. Louis, Missouri 


THE NORMAL intramedullary bone pressure 
in the dog’s tibia has been previously estab- 
lished (4). The relationship of epiphysial 
pressure to diaphysial pressure is constant in 
the normal state—the diaphysial pressure is 
significantly higher than epiphysial pres- 
sure. Diaphysial pulse pressure is also signif- 
icantly higher than epiphysial pulse pressure 
in the normal state. 

As has been shown, transient changes in 
marrow pressure can be produced by vari- 
ous pressor and depressor drugs (3). Sub- 
stances such as histamine and benzedrine 
apparently alter intramedullary pressure by 
means of the effect they have on systemic 
blood pressure. Adrenalin-like drugs, how- 
ever, also alter pressure within the medul- 
lary canal by affecting the small vessels 
which supply bone. ‘Thus from epinephrine 
the alteration in marrow pressure may be 
quite independent of the changes in the 
systemic blood pressure. When the marrow 
pressure is altered by administration of vari- 
ous drugs the relationship of diaphysial and 
epiphysial pressure remains essentially the 
same. 

While conducting further investigations 
related to intramedullary bone pressure and 
its variations we have studied the effect of 
an acute arteriovenous fistula of the femoral 
artery on intramedullary bone pressure. 
The observations which were made from 
this set of experiments form the basis of 
this report. 


METHODS 


In the group of 6 experiments in dogs, 
bone marrow pressure was recorded by 
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means of the Sanborn electromanometer 
with water as the connecting medium. The 
method of measuring the pressure in the 
diaphysis and epiphysis was carried out in 
precisely the same manner as previously re- 
ported in a study of normal bone marrow 
pressures in the dog (4). 

Concurrent comparisons of diaphysial 
and epiphysial pressures were made in each 
bone studied. In each experiment the right 
tibia was used for pressure measurement, 
the left femoral artery was used to measure 
the systemic arterial pressure, and the right 
femoral artery and vein were utilized for the 
creation of an arteriovenous fistula. Each 
experiment was conducted in a similar 
fashion. 

After surgical exposure of all necessary 
regions, 3 concurrent comparisons of dia- 
physial and epiphysial pressure were re- 
corded from each bone in the normal state. 
Following the recording of the normal dia- 
physial-epiphysial pressures a side-to-side 
arteriovenous fistula between the right fem- 
oral artery and vein was established. The 
anastomosis, done with No. 5-0 arterial silk, 
was distal to the profunda femoris artery. 
The size of the fistula varied from 3 to 8 
millimeters (measured at the conclusion of 
the experiment). 

After the fistula was open and functioning 
3 concurrent comparisons of diaphysial and 
epiphysial pressure were again recorded 
from the same tibia. All concurrent obser- 
vations were recorded by the same manom- 
eter, a 3 way valve being used to switch 
quickly from diaphysis to epiphysis. In each 
instance an excellent bruit was easily pal- 
pable over the site of the fistula. 

At the termination of each experiment, a 
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I'ic. 1. Experiment 45. Recording of the marrow pres- 
sure showing concurrent comparisons between the diaph- 
ysis and epiphysis. Below is the left femoral artery 
blood pressure. This is typical of pressure relationships in 
the normal state. 

Fic. 2. Experiment 45. The concurrent comparisons 
here show the altered epiphysial-diaphysial pressure re- 
lationship, after creation of a functioning arteriovenous 
fistula. This is the same tibia shown in Figure 1. Note 
that with the fistula open diaphysial and epiphysial pres- 
sure are almost equal. 

Fic.3. Experiment 45. Recording of epiphysial pressure 
with a fistula present and functioning. At point A, the 


long No. 19 gauge needle was inserted into 
the right femoral artery and then the right 
femoral vein. By moving the needle proxi- 
mally or distally it was possible to record 
the pressures in the 4 limbs of the arterio- 
venous fistula. 


OBSERVATIONS 


Six experiments were conducted in the 
manner described. A total of 36 concurrent 
diaphysial-epiphysial comparisons were 
made in the right tibia of 6 dogs. Eighteen 
comparisons were made before and 18 were 
made after establishing a functioning arteri- 
ovenous fistula between the right femoral 
artery and vein. 
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fistula only was occluded followed by a decrease in pres- 
sure in the bone. At point B, the fistula was opened. ‘This 
effect of the fistula was readily reproducible. This arterio- 
venous fistula, one of the largest in the group, measured 8 
millimeters in length. 

Fic. 4. ‘The mean pressures in the 4 limbs of the 6 
arteriovenous fistulas studied are shown. 


The mean systolic pressure in the diaph- 
ysis in the normal state was 36.5+12.5 
(S.D.) millimeters of mercury. The mean 
systolic pressure in the diaphysis after the 
fistula was open was 34.44+13.1 (S.D.) 
millimeters of mercury. Thus the mean 
systolic pressure in the diaphysis was not 
altered significantly (at 5 per cent level) by 
creating an arteriovenous fistula. 

The mean systolic pressure in the epiph- 
ysis of this group of dogs was 10.0+8.1 
(S.D.) millimeters of mercury in the nor- 
mal state. In the same bones the mean 
systolic pressure in the epiphysis rose to 
31.1411.9 (S.D.) millimeters of mercury. 
This alteration of the mean systolic pressure 
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TABLE I.—SYSTOLIC PRESSURE IN DIAPHYSIS AND EPIPHYSIS BEFORE AND AFTER CREATION OF ARTERIO- 
VENOUS FISTULA 


Right tibia N* Mean S.D. S.E. S.E. diff. t 
Epiphysis 

Before fistula..... 18 10 8.1 1.9 

After fistula...... 18 31.1 11.9 2.8 3.39 6.2 

t(P. 0.05) = 2.11 

Diaphysis 

Before fistula..... 18 36.5 12.5 2.9 

After fistula...... 18 34.4 13.1 i 4.20 . 0.5 


t(P. 0.05) =2.11 


TABLE II.—PULSE PRESSURE IN DIAPHYSIS AND EPIPHYSIS BEFORE AND AFTER CREATION OF ARTERIO- 
VENOUS FISTULA 


Right tibia N* Mean S.D. 
Epiphysis 
Before fistula ..... 18 1.5 0.08 
After fistula. ..... 18 2.8 2.8 
Diaphysis 
Before fistula. .... 18 11.6 3.8 
After fistula. ..... 18 3.6 


*N =Number of observations. 


in the epiphysis following an arteriovenous 
fistula is significant at the 5 per cent level. 

In each experiment it was noted that 
after the fistula was open the epiphysial 
pressure approached the diaphysial pressure 
and in 2 experiments the systolic epiphysial 
pressure was actually 2 to 3 millimeters 
higher than the diaphysial pressure. When 
the fistula was functioning the difference in 
mean systolic pressure in the diaphysis and 
the epiphysis was not significant (Figs. 1 
and 2). 

Some alterations in pulse pressures were 
observed when the fistula was functioning, 
but these changes were not as striking as the 
change in epiphysial systolic pressure. In 
the diaphysis the mean systolic pulse pres- 
sure was 11.6+3.8 (S.D.) millimeters of 
mercury in the normal state. When the 
fistula was functioning the mean pulse pres- 
sure fell to 7.7+3.6 millimeters of mercury. 
This fall, though slight, is significant at the 
5 per cent level. 

In the epiphysis an increase in pulse 
pressure was observed when the fistula was 
functioning in 3 of the 6 experiments. Al- 
though the mean epiphysial pulse pressure 
was increased from 1.5 to 2.8 millimeters 
the difference was not significant at the 5 
per cent level. It would appear from our 


S.E. SE. diff. t 

0.0156 0.686 1.9 

0.668 t(P. 0.05) = 2.11 
0.9 1.28 3.0 


0.9 t(P. 0.05) = 2.11 


observations that when a large fistula was 
produced there was more likely to be an 
increase in the pulse pressure in the epiph- 
ysis (Fig. 3). 

In each experiment a constant pressure 
relationship between the 4 limbs of the 
arteriovenous fistula was observed. ‘The 
mean pressures are shown in Figure 4. 


DISCUSSION AND CONCLUSIONS 


In 1950, Janes and Musgrove reported on 
the effect of an arteriovenous fistula on 
growth of bone. They found that in most 
of their dogs a definite increase in growth 
occurred when a fistula of the external iliac 
vessels was allowed to remain for from 3 to 
15 months. In 1952,.Janes and Elkins re- 
ported slight increased growth in the ex- 
tremity of a 6 year old child following the 
creation of an arteriovenous fistula. ‘The 
observations from this group of experiments 
lend support to the thesis that an arterio- 
venous fistula in an extremity alters the 
circulation to a long bone. 

The creation of a functioning arterio- 
venous fistula between the femoral artery 
and vein in the dog raises the recordable 
pressure in the epiphysial region of the 
tibia. The rise in pressure is statistically 
significant when compared with the normal 
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pressure in the epiphysis. When the fistula is 
open epiphysial pressure may be equal to or 
slightly greater than diaphysial pressure. 

Alterations in diaphysial and epiphysial 
pulse pressures may occur. These changes, 
however, are minimal and the degree of 
alteration, particularly in the epiphysis, 
probably depends on the size of the arterio- 
venous fistula. 
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BONE GROWTH IN POLYVINYL SPONGE 


Z. B. FRIEDENBERG, M.D., F.A.C.S., and ROBERT LAWRENCE, M.D., Philadelphia, 


Pennsylvania 


PoLyYVINYL SPONGE is made by hardening 
foaming polyvinyl alcohol with formalde- 
hyde. This product is of uniform texture, in- 
ert to almost all chemicals and stable to tem- 
peratures up to 120 degrees C. The sponge 
is light, its density being .05, and cuts easily 
when moist. Grindlay and Waugh studied 
the response of soft tissue to implanted sponge 
up to periods of 18 months and showed it 
was well tolerated and readily infiltrated by 
vascular connective tissue. In a later report, 
Struthers, Grindlay, and Figi examined the 
responses of osseous tissue to implanted 
sponge. 

The present report concerns a series of 
related experiments to determine if the gran- 
ulation tissue which infiltrates the sponge 
after implantation would undergo ossifica- 
tion. Sponges were cut into desired sizes and 
sterilized in boiling water for 30 minutes. 
Mongrel adult dogs were employed and 
were anesthetized with intravenous pento- 
barbital. Sections were fixed in formalin and 
stained with hematoxylin and eosin. 


FRESH SPONGE IMPLANT IN MUSCLE 


In a preliminary study, fresh sponge was 
implanted in muscle to observe the host re- 
action and to have a standard for compari- 
son with sponge implants in bone. Into each 
of 4 animals, fresh sections of sponge 1 by 1 by 
15 centimeter, moistened in isotonic saline, 
were inserted into 4 pockets made in the 
intercostal muscle. The sponge and surround- 
ing tissue in each animal were removed at 3, 
4,%, and 16 weeks. 

Lach sponge was surrounded by a resil- 
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ient capsule of tissue by which it was firmly 
attached to the surrounding muscle. The 
microscopic examination revealed a capsule 
of loose-textured granulation tissue which 
freely invaded the spaces of the sponge. ‘The 
strands of infiltrated tissue were bordered by 
a lining of closely packed fibroblasts. In the 
3 and 4 week specimens, large numbers of 
capillaries were noted invading the cellular 
tissue ingrowth. The 8 and 16 week speci- 
mens showed a reduction in the number of 
capillaries and increased collagenous fibers, 
as well as occasional giant cells. In all speci- 
mens the tissue growth was confined to the 
larger interstices of the sponge, while the 
more minute pores were filled with an amor- 
phous pink staining material. 


SPONGE CONTAINING AUTOGENOUS BONE 
IMPLANTED INTO MUSCLE 


In 4 animals, cancellous bone was re- 
moved from the ilium, finely divided in a 
blender, and suspended in isotonic saline. 
Sponges were soaked in this suspension and 
implanted into 3 intercostal muscle pockets 
in each animal. The sponges were removed 
in 4, 7, 8, and 9 weeks. 

The gross appearance of the sponges was 
unchanged from those imbedded in muscle 
without bone. Microscopic examination re- 
vealed a granulation tissue ingrowth which 
was collagenized in the specimens older than 
4 weeks. There was no evidence of any viable 
bone within or around the sponge. 


SPONGE IMPLANTED UNDER PERIOSTEUM 


In each of 4 animals a 2 by 1 by 4% centi- 
meter segment of sponge was placed under 
the periosteum of the tibia and a rib and 
examined at 3, 7, 9, and 16 weeks. 

Each sponge was firmly adherent to the 
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Fic. 1. Vascular granulation tissue invading sponge 
placed in muscle pocket after 3 weeks. X64. 


bone cortex as well as the overlying peri- 
osteum. On microscopic examination, a layer 
of granulation tissue surrounded the sponge 
insulating it, both from the bone cortex and 
the periosteum. This tissue also filled the 
larger interstices of the sponge and showed 
areas of ossification arising within the sponge 
capsule in the vicinity of the cortex and ex- 
tending for a short distance into the sponge. 
Such limited areas of sparse bone formation 
were seen in the 3 week specimens and re- 
mained confined to the capsule and periph- 
ery of the sponge even in those animals 
observed after 16 weeks. There was no dif- 
ference in bone ingrowth between the tibial 
or rib sponges. 


Fic. 2. Dense connective tissue is seen within the 
sponge placed in drill hole of ulna after a period of 4 
weeks. X82. 


SPONGE CONTAINING AUTOGENOUS BONE 
IMPLANTED UNDER PERIOSTEUM 


In 6 animals, sponge segments that |iad 
been soaked in an autogenous suspension of 
iliac bone were placed under the periosteum 
of the tibia and rib. Examination of these 
sponges was made at 3, 5, 7, and 10 wecks. 
Microscopic findings were similar to the ex- 
periment performed without autogenous 
bone. The autogenous bone fragments were 
seen to be necrotic and did not appear to 
alter the usual infiltrating growth of con- 
nective tissue or the peripheral ossification 
which again occurred at the sponge border 
adjacent to the bone. No foci of bone forma- 
tion occurred in the interior of the sponge. 


SPONGE PLACED IN CANCELLOUS BONE 


The ilium was split, and a thin piece of 
sponge inserted into the cleft and held firmly 
in contact by the cancellous bone. This pro- 
cedure was done on 14 animals and histo- 
logic studies made at 3, 5, 7, 10, and 14 
weeks. In 5 animals, the sponge was soaked 
in an autogenous suspension of iliac bone 
prior to its placement in the iliac cleft. 

At the time of removal, all sponges were 
firmly adherent to bone, readily identified, 
and contained an abundant ingrowth of con- 
nective tissue. In the 3 and 5 week speci- 
mens, the tissue infiltrating the sponge was 
loosely arranged with large vesicular nuclei. 


Fic. 3. Connective tissue present in the central por! on 
of a sponge in the ilium after 9 weeks. Collagenous tis ue 
with few cells penetrates the sponge. X165. 
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The tissue in the older specimens consisted 
of d-nse collagenous fibers with fewer nuclei 
which were elongated. 

A capsular barrier of fibrous tissue was in- 
terposed between the iliac bone and sponge 
ineach animal. Specimens of 5 weeks or older 
showed new bone formation occurring in 
this capsular tissue which also invaded the 
tissue strands in the sponge. ‘These bone la- 
mellae were confined to the capsule and the 
peripheral areas of the sponge. The behavior 
of the tissue ingrowth in sponges soaked in 
autogenous bone suspension did not differ 
from that seen in unprepared sponges. No 
central bone formation from the autogenous 
bone implants in the sponge was noted. 


PREPARED SPONGE INSERTED INTO SMALL 
BONE DEFECTS 


To determine if sponge which has previ- 
ously been in contact with traumatized bone 
will accelerate bone repair, the following ex- 
periment was performed on 9 animals. 

The periosteum of the tibia was elevated 
and a thin segment of sponge placed between 
the raised periosteum and the cortex. Three 
weeks later this sponge was removed and 
packed into a inch drill hole through the 
cortex of one ulna in the same animal. An 
unprepared fresh sponge filled a similar drill 
hole on the opposite ulna, and 2 additional 
drill holes in each ulna were left unfilled. 
Serial sections of the drill holes were exam- 
ined at 3, 4, 5, and 10 weeks. 

Drilled areas containing prepared and 
fresh sponges showed parallel sequences of 
tissue regeneration. At 3 weeks a thin capsule 
of connective tissue infiltrated the larger 
pores of the sponge and surrounded the 
sponge in the drill hole separating it from the 
host bone. New bone formation arising from 
the drilled surfaces of the bone invaded the 
capsule. The 4 week specimens revealed fur- 
ther ossification of the capsule which ex- 
tended into the strands of connective tissue 
of the sponge forming a ring of bone lamel- 
lae confined to the periphery of the sponge. 
Oliler specimens showed no further regen- 
erution into the central zone of the sponge. 


Fic. 4. Sponge placed in drill hole of ulna seen after 4 
weeks. The ulna cortex is at right, from which a few 
trabeculae of bone are invading the sponge area. X64. 


In contrast to this dilatory bone regenera- 
tion, the control drill holes containing no 
sponge showed complete regeneration of the 
drilled area at 5 weeks. 


SPONGE USED TO BRIDGE LARGE BONE DEFECTS 


To observe the capacity of a sponge to act 
as a support for bone regeneration across a 
large defect, a 1 centimeter cylinder of bone 
was resected from the proximal third of the 
ulna shaft and the resulting defect filled with 
sponge. Five such defects were examined at 
4, 8, and 12 weeks, at which time the ulna 
was removed, roentgenograms taken, and 
longitudinal sections studied by microscopy. 


Fic. 5. Sponge placed under periosteum of rib seen 
after 8 weeks. The rib is at the top. A few trabeculae of 
bone are penetrating the sponge, which is filled with 
connective tissue. X32. 
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In all animals, the sponge was adherent to 
the resected bone ends and covered by a fi- 
brous capsule. Roentgenograms revealed no 
bone within the sponge but a collar of new 
bone surrounded the ends of the sponge in 
the 8 and 12 week specimens. Microscopic 
sections showed the sponge to be encased in 
fibrous tissue and isolated by this capsule 
from the bone ends. Vascular granulation 
tissue filled the interior of the sponge. Nests 
of cartilage and new bone trabeculae from 
the bone ends traversed the capsule at in- 
tervals and penetrated 1 or 2 millimeters into 
the sponge in the 8 and 12 week specimens. 
Periosteal bone formation, springing from 
the bone ends, enclosed the sponge at its junc- 
tion with bone. The central area of the 
sponge showed no bone formation. 


DISCUSSION 


Polyvinyl sponge is readily infiltrated by 
a vascular connective tissue in a variety of 
situations in relation to bone. It excited no 
severe reactive tissue response but always re- 
mained separated from the tissues of the host 
by a capsule of connective tissue. Initial tis- 
sue growth into the structure of the sponge 
was not related to the site of the sponge but 
showed a uniform sequence. 

When the sponge was in close proximity to 
regenerating bone tissue, intramembranous 
bone formation arising from the host pene- 
trated the sponge capsule and grew into the 
sponge structure for a short distance. In small. 
defects, the sponge appeared to impair bone 
regeneration. In large defects, it did not act 
as a Suitable scaffolding to encourage bridg- 
ing of the defect. 

Polyvinyl sponges used in these experi- 
ments were of the commercial type and have 
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been reported in the medical literature for 
use in herniorraphy, to fill soft tissue delects 
in plastic procedures, and to repair vascular 
defects. The fine structure of the sponge is 
not uniform, the pore size being variable. 
Microscopic observations suggest that the 
connective and bone tissues do not infiltrate 
into the finer interstices which are filled with 
an eosin-staining exudate. 

Struthers, Grindlay, and Figi employed 
sponge in various locations in relation to 
bone. These investigators found that autog- 
enous bone fragments within the sponge re- 
sulted in a more vigorous bone infiltration. 
This could not be corroborated in the experi- 
ments reported in this study. Bryan and 
others inserted polyvinyl sponge in femoral 
shaft defects of dogs and noted delay in bone 
healing as a result of the presence of sponge. 

Amler and others studied bone regenera- 
tion with polyvinyl sponge in the femur of 
rats. They observed bone trabeculae infil- 
trating the sponge in relation to the host bone 
but noted no structural attachment of this 
bone with host bone except when the sponge 
was in direct contact with the marrow cav- 
ity. They did not observe a penetrating bone 
growth into intact sponge substance. 


REFERENCES 


1. Amer, M. H., Jonnson, P. L., and BEVELANDER, G. 
Bone regeneration following grafts with polyvinyl 
plastic sponge. Oral Surg., 1958, 11: 654-661. 

2. Bryan, R.S., James J. M., and Grinptay, J. H. The 
effect of polyvinyl formol (ivalon) sponge on cortical 
bone healing. Proc. Mayo Clin., 1958, 33: 453-457. 

3. Grinptay, J. H., and Waucu, J. M. Plastic sponge 
which acts as a framework for living tissue; experi- 
mental studies and preliminary report of use to rein- 
force abdominal aneurysms. Arch. Surg., 1951, 63: 
288-297. 

4. Srrutuers, A. M., Grinpiay, J. H., and Fiat, F. A. 
An experimental study of formation of autogenous 
bone within polyvinyl sponge. Proc. Mayo Clin., 
1955, 30: 462-465. 


Tl 
H. 
Tr 
ir 
as 
P 
tic 
jo 
ar 
Se 
le 
al 
ol 
In 
fl 
le 
p 
P 
d 
t 
3 
a 
; 


‘ure for 
delects 
ascular 
once is 
ariable. 
lat the 
filtrate 
with 


ployed 
tion to 
aulog- 
nge re- 
ration. 
experi- 
n and 
>moral 
n bone 
ponge. 
enera- 
mur of 
> infil- 
st bone 
of this 
sponge 
W CaV- 
x bone 


DER, G, 
olyvinyl 


H. The 
cortical 
53-457. 
sponge 
experi- 
to rein- 


F. A. 
genous 
» Clin., 


THE ETIOLOGY, DEVELOPMENT, AND THE 
EFFECT UPON PREGNANCY OF 
PROTRUSIO ACETABULI (OTTO PELVIS) 


H. Hf. FRANCIS, F.R.C.S., M.R.C.O.G., Liverpool, England 


THE CONDITION of protrusio acetabuli was 
first described in 1824 by Professor Otto of 
Breslau who noticed it in a pelvis preserved 
as a museum specimen. Its main characteris- 
tics are unusually deep acetabula which 
protrude medially to encroach on and dis- 
tort the cavity of the true pelvis (Figs. 1 and 
2). This type of pelvis, frequently given the 
name of its discoverer, has become known to 
orthopedic surgeons mainly because the hip 
joints tend to be the seat of painful osteo- 
arthritis in middle life. Nevertheless, com- 
paratively few cases have been described, 
Scandalis, Ghormley, and Dockerty finding 
less than 250 cases in the world literature. 
The Otto pelvis has so far received scant 
attention from obstetricians although they 
often have the first opportunity of recogniz- 
ing the condition and although it can in- 
fluence the course and management of 
labor. There are now in the literature ac- 
counts of 5 cases in which the acetabular 
protrusion was found in association with 
pregnancy. The small number of cases re- 
corded suggests that the association with 
pregnancy is rare. Since, however, the con- 
dition has a marked predilection for the 
female and usually commences at puberty, 
the more likely explanation is that the sig- 
nificance of certain x-ray appearances is not 
recognized and the diagnosis is therefore 
overlooked. The abnormality initially es- 
caped notice in roentgenograms of 3 of the 
patients whose cases are recorded here. In 
Case 2 our attention was so absorbed by the 
brow presentation (Fig. 5) that we over- 
looked the hip joint lesion on the x-ray films 
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and only recognized the protrusions on vagi- 
nal examination. In Case 3, roentgeno- 
grams arranged by a pediatric unit 1 year 
earlier (Fig. 8) were passed as normal. In 
Case 5, hysterograms taken by our own de- 
partment 5 years previously showed the ab- 
normality but it was overlooked. 

It is here necessary to emphasize that ab- 
normal inward displacement of the acetabu- 
lar fossa can be caused by fractures and by 
any disease resulting in destruction or decal- 
cification of bone. In such cases the de- 
formity can be unilateral or bilateral and is 
termed secondary acetabular protrusion. Some 
writers, to the confusion of the literature, 
include secondary displacements of this type 
as examples of the Otto pelvis. ‘This designa- 
tion, however, is best reserved for cases of 
primary acetabular protrusion. The primary 
lesion is characteristically bilateral, has no 
obvious cause, and is unaccompanied by 
bone and joint changes elsewhere in the 
body. Overgaard divided primary acetabu- 
lar protrusion into two types—the osteo- 
asthenic and the osteoarthritic—and this classi- 
fication is followed here. Otto’s original case 
was of the osteoarthritic type. Of the 5 re- 
ported cases of Otto pelvis associated with 
pregnancy, that described by Petersen and 
Muller’s Case 1 and probably Case 2 are 
primary osteoasthenic protrusions while 
those of Kuliga and Campbell are primary 
osteoarthritic types. 


MORPHOLOGIC, ROENTGENOLOGIC, AND CLINI- 
CAL FEATURES 


Primary protrusions. Osteoasthenic type.— 
The abnormality is confined to the acetabu- 
lum, leaving the femoral head almost un- 
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changed. Commencing at puberty, the 
acetabulum is rapidly expanded in a uni- 
form and symmetric manner, but the process 
is self-limited and becomes static after a few 
years. Secondary osteoarthritis may, how- 
ever, develop in middle life, and there comes 
a time when, without previous knowledge of 
the case, it is difficult if not impossible to say 
whether a lesion is primarily osteoasthenic or 
osteoarthritic. The condition is mostly seen 
in females and is almost invariably bilateral. 
No joint other than the hips is affected. In 
1922, Waller reported the first case of this 
type. 

X-ray examination shows that the pro- 
trusion involves all arcs of the acetabulum 
(Fig. 6). The joint outline is regular and 
becomes semicircular in shape as the result 
of the expansion of the medial and inferior 
quadrants. The wall of the acetabulum is 
unusually thin at these sites. By middle life 
osteosclerosis usually affects all areas (Fig. 
3). The head of the femur, which shows no 
intrinsic change, is typically embedded 
more deeply than normal so that at least 
two-thirds of its articular surface is lodged 
within the acetabulum. The entire head may 
be enclosed (Fig. 3). In some of the younger 
patients, however, it does not occupy all of 
the additional space in the medial part of the 
joint, apparently because the inner rim of the 
articular surface has not yet been sufficiently 
expanded or destroyed (Fig. 8). Under these 
circumstances there is an apparent widening 
of the joint space. Otherwise, the space be- 
tween the femoral head and the acetabular 
floor is normal or slightly narrowed. Al- 
though the degree of protrusion shows con- 
siderable variation, the roentgenographic 
appearances in cases of this type (Figs. 3 and 
6) are remarkably constant. ‘The regularity 
and symmetry of the acetabular outlines and 
the relative absence of osteoarthritis lead to 
the protrusions being frequently overlooked 
at x-ray examination. 

‘The symptoms and signs arise insidiously 
at puberty and progress slowly. ‘The adoles- 
cent encounters a newly found difficulty in 
activities involving abduction and rotation 


of the thighs—sitting cross-legged on the 
floor, playing leapfrog, vaulting the gym. 
nasium horse and frog-kicking while swim. 
ming. The parents tend to accept this as 
little more than a personal characteristic and 
it is often not until maturity brings pain and 
stiffness that medical advice is sought. In- 
deed, until roentgenologic examination be- 
came common, protrusio acetabuli was con- 
sidered a disease of middle life. 

Clinical examination of the adolescent 
and young adult reveals a reduction in the 
range of all hip joint movements, especially 
those of abduction, and of internal and ex- 
ternal rotation. As illustrated by Case 3 this 
disability actually precedes medial displace- 
ment of the femoral head. ‘The same case also 
shows that the limitation of movement on the 
two sides is not necessarily as equal as the 
symmetry of the roentgenographic appear- 
ances might imply. Restriction of the range 
of extension of the hip joint necessitates the 
subject rotating the plane of the pelvic inlet 
toward the vertical, thus increasing the angle 
of inclination. Simultaneously, the buttocks 
are rendered more prominent and what 
would become a forward stoop of the trunk 
is corrected by exaggerating the lumbar 
lordosis; this causes persistent backache. ‘lhe 
intrapelvic protrusions are readily palpable 
per vaginam. If the medial displacement of 
the femoral heads becomes extreme, the 
prominences of the great trochanters may 
also be noticeably lessened. 

In middle life, as osteoarthritis develops, 
sitting in a flexed position results in intolera- 
ble stiffness, and walking becomes limited by 
pain in the joint. A waddling gait which 
avoids unnecessary movement of the |ip 
joints is characteristic. The primary and 
secondary changes can ultimately beco:ne 
crippling, although ankylosis does not oc ur 
because there is little loss of articular cati- 
lage. 

Osteoarthritic type.—In this type, ‘he 
acetabulum, joint cavity, and femoral he..ds 
show the changes typical of osteoarthriti: at 
an abnormally early age. Osteosclerosi- is 
prominent and osteophytes develop around 
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Fic. 1. 


Fic. 2. 


Fic. 1. Protrusio acetabuli as seen in anteroposterior roentgenograms of the hip joints taken 


under standard conditions. 


Fic. 2. Hip joints showing the limit of normal acetabular depth seen in anteroposterior roent- 


genograms taken under standard conditions. 


the margin of the femoral head and the 
acetabular labrum. The latter ultimately 
becomes so narrowed that it traps the de- 
pressed head of the femur within the joint. 
The extent of the protrusion varies from a 
few millimeters to 11% inches. Although the 
associated protrusion commonly commences 
at puberty its progress is not limited to that 
period and may continue throughout life. 
The condition is almost invariably bilateral 
and the sex distribution predominantly 
female. It is localized to the hip joints. 

The roentgenographic appearances vary a 
good deal from case to case. The curve of the 
acetabulum tends to be irregular, the pro- 
trusion most often being maximal in the 
superomedial quadrant. The bony outlines 
lack the bilateral symmetry of the osteo- 
asthenic type. The joint space is irregularly 
narrowed and osteophytes are common. In- 
deed, osteosclerosis is much more prominent 
at any age and is greatest in the weight- 
bearing zone. Another difference is that the 
head of the femur shows moderate distor- 
tion, especially flattening of its upper sur- 
face, together with osteosclerosis and sub- 
chondral cyst formation. 

‘The symptoms and signs are similar to 
those produced by the osteoasthenic type 
but pain, diminution in the range of move- 


ment, and permanent postural changes are 
more noticeable at all ages. Early limitation 
of flexion and adduction is suggestive of this 
type of lesion. Ankylosis does not occur. 

Secondary protrusions. ‘This is a heteroge- 
neous group. The shape of the acetabulum, 
the degree of protrusion, and the appearances 
of the surrounding bone vary as widely as the 
causative process, and this ranges from in- 
fection to neoplasia. Subperiosteal bone 
laid down during healing can add to the 
intrapelvic protrusion. The abnormality is 
often unilateral and, as many are of trau- 
matic origin, is seen more frequently in the 
male than in the female. Unlike primary 
protrusions, secondary protrusions are com- 
monly complicated by ankylosis. 


CASES OF ACETABULAR PROTRUSION RECOG- 
NIZED IN OBSTETRIC AND GYNECOLOGIC PA- 
TIENTS 

During the last 5 years, 5 cases of primary 
acetabular protrusion were recognized 
among women attending the Liverpool Ma- 
ternity Hospital and Mill Road Maternity 
Hospital, Liverpool, institutions which to- 
gether deal with 6,000 deliveries a year. 
During the same period 1 case of primary 
protrusion was found among the patients ad- 
mitted to the gynecologic wards of the Liver- 
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Fic. 3. 


Fic. 3. Case 1, Anteroposterior roentgenogram of pelvis 
demonstrating primary osteoasthenic protrusion. Simul- 
taneous cystography was performed as part of an in- 
vestigation of stress incontinence during the course of the 
puerperium. 

Fic. 4. Case 1. Pelvic inlet roentgenogram showing 
encroachment of the acetabula on forepart of pelvis. 


pool Royal Infirmary. The main features of 
these 6 cases are as follows: 


Case 1. F. K. was first seen in 1949 when she was 
aged 31 years and had had 8 previous pregnancies. 
Two had ended in abortion and 6 in vaginal delivery 
at term. The smallest baby weighed 7 pounds at birth 
and the largest 9 pounds 6 ounces. All the confine- 
ments were at home and further details are not avail- 
able. 

During her ninth pregnancy in 1950 the patient 
attended the hospital antenatal clinic but no ab- 
normality of the bony pelvis was noticed during 
routine vaginal examination. Labor commenced at 
term and lasted for 11% hours. A healthy child, 
weighing 7 pounds 14 ounces was born spontaneously 
from a persistent occipitoposterior position. 

The tenth and eleventh pregnancies ended in un- 
complicated abortions. 

In 1953 during the twelfth pregnancy, again no 
bony pelvic abnormality was noted, and spontaneous 
delivery at term resulted in the birth of a live child 
after a labor lasting 10 hours. The baby weighed 8 
pounds 15 ounces and was also born “‘face to pubes.” 
At the time of this delivery it was noted that the woman 
had considerable limitation of movement of the hip 
joints and investigation of this feature during the 
puerperium revealed the following points. The patient 
stated that she had had discomfort in the hip joints 
during her first pregnancy when she was 20 years old 
and, at the time of her delivery, the midwife had 
commented on the limited range of movement in the 
joints. The discomfort had gradually disappeared 
during the puerperium but recurred with each sub- 
sequent pregnancy. For the last year, however, per- 
sistent lumbar backache had been present. 


Fic. 4. 


The minimum interacetabular distance measured 4.2 
inches. 


Examination disclosed considerable limitation of all 
movements of both hip joints but especially of internal 
and external rotation and of abduction. Roentgeno- 
logic examination carried out on the tenth day of the 
puerperium revealed a typical primary protrusion of 
the osteoasthenic type (Figs. 3 and 4). 

The thirteenth pregnancy in 1954 resulted in the 
spontaneous delivery at term, of a live child weighing 
8 pounds 13 ounces. It was born with the occiput 
anterior after a labor lasting 11% hours. This preg- 
nancy, like previous ones, was characterized by pain 
in the lower part of the back and in the hip joints. 

During her fourteenth pregnancy in 1955 the pa- 
tient’s backache was again troublesome and examina- 
tion revealed an exaggerated lumbar lordosis and a 
moderate degree of thoracic kyphoscoliosis. As term 
approached, the fetal position remained very unstable 
and at this time x-ray pelvimetry was carried out with 
the following results: 


Inlet: 
Anteroposterior diameter = 4.6 inches. 
‘Transverse diameter = 5,7 inches. 


Cavity: 
Interspinous diameter = 
Minimum distances between acetabula = 
Estimated combined projections 
of acetabula 


4.5 inches. 
4.2 inches. 
0. 


Outlet: 
Transverse diameter 
Anteroposterior diameter 
Posterior sagittal diameter 


il 


The general shape of the inlet was gynecoid | l'ig- 
4). The sacral curve was unusually sharp. The -ub- 
pubic angle was greater than normal. 

When labor commenced spontaneously 13 « ays 
after the expected date of delivery the fetus prese: ted 
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Fic. 5. 


Fic. 6. 


Fic. 5. Case 2. Posteroanterior roentgenogram of pelvis taken during labor showing brow pres- 
entation. The child was delivered spontaneously presenting by the face. Acetabular protrusion was 


initially overlooked in this film. 


Fic. 6. Case 2. Anteroposterior roentgenogram of hip joints taken during the puerperium show- 


ing primary osteoasthenic protrusion. 


as a full breech in the right sacrolateral position. The 
delivery of a living male child weighing 9 pounds 11 
ounces was assisted under general anesthesia after a 
labor lasting 25 hours. Despite determined efforts to 
keep the fetal back anterior, the head entered the 
pelvis with the occiput posterior and could not be 
made to rotate. It was extracted in the occipito- 
posterior position with forceps. The major difficulty 
of the delivery arose, however, because the limited 
capacity of the patient’s hips to flex and abduct made 
it impossible to use the lithotomy stirrups. The legs 
had to be supported by 2 assistants to bring the 
perineum to the end of the obstetric bed. 

During her fifteenth pregnancy in 1957, the patient, 
now aged 39 years, was admitted at the thirty-ninth 
week because the lie of the fetus was unstable. Four 
days later the membranes ruptured spontaneously 
and vaginal examination then disclosed a loop of 
cord prolapsed through a cervical canal which would 
only admit 2 fingers. The fetus was lying transverse- 
ly. A living child weighing 8 pounds 10 ounces was 
delivered by lower segment cesarean section. 

Case 2. D. McK. was admitted in labor in 1954 as 
an emergency case. The doctor sending her to the 
hospital diagnosed a brow presentation. She was then 
27 years of age and gave the history of a normal de- 
livery in 1951, the child weighing 8 pounds 5 ounces. 
Roentgenologic examination after admission con- 
firmed the brow presentation (Fig. 5). The fact that 
the posteroanterior roentgenogram also showed 
acetibular protrusions was overlooked until subse- 
quent vaginal examination revealed prominent bosses 
on the lateral pelvic walls. The fetus was then found 
to be presenting by the face with the chin anterior. 
After a labor lasting 1134 hours a living male child, 
weighing 9 pounds 3 ounces, was delivered spon- 
tanc ously despite a persisting face presentation. Suture 
of the liberal episiotomy was a trying procedure be- 


cause the reduced range of flexion and abduction of 
the thighs precluded a satisfactory lithotomy position. 

X-ray examination of the hip joints and pelvimetry 
carried out during the lying-in period disclosed an 
osteoasthenic type of lesion (Figs. 6 and 7) and pro- 
vided the following data: 


Inlet: 

Anteroposterior diameter = 3.8 inches, 

Transverse diameter = 5.1 inches. 
Cavity: 

Minimum distance between acetabula = 3.6 inches. 

Estimated combined projection 

of acetabula = 0.75 inch. 

Outlet: 

Transverse diameter = 4.5 inches. 


The inlet was basically of normal gynecoid shape 
(Fig. 7) and the sacral curve was generous. 

Inquiries made subsequent to the delivery dis- 
closed that the patient had been aware of limitation 


Fic. 7. Case 2. Pelvic inlet roentgenogram taken 
during the puerperium showing encroachment of the 
acetabula on the forepart of the pelvis. Minimum in- 
teracetabular distance 3.6 inches. 
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Fic. 9. 


Fic. 8. Case 3, Anteroposterior roentgenogram of hip joints prior to pregnancy showing primary 


osteoasthenic protrusion. 


Fic. 9. Case 3. Anteroposterior roentgenogram of hip joints when 36 weeks pregnant. 


in the range of movements of her hip joints since she 
was admonished by the leader of her Brownie pack 
for being unable to sit cross-legged on the floor at the 
age of 7 years. She had never been able to play leap- 
frog and, on entering a grammar school at the age of 
11 years, found herself unable to vault over the gym- 
nasium horse. The frog-kick of the breast stroke in 
swimming also defeated her. As an adult she was 
unable to walk more than short distances, or to sit in 
a flexed position for any length of time, because of 
stiffness and pain in the buttocks. A small chair which 
her child was wont to leave in the center of the living 
room represented to her a major obstacle which had 
to be circumvented whereas her husband could easily 
stride over it. The menarche occurred at the age of 14 
years. There had been no traumatic or infective 
incidents. 

Clinical examination showed extreme reduction in 
the range of all movements of both hip joints. 

Case 3. Primary osteoasthenic protrusions were 
revealed in B. K. because, as the daughter of F. K. 


Fic. 10. Case 3. Anteroposterior roentgenogram taken 
2 months after delivery. No bone or joint change has re- 
sulted from the pregnancy. 


(Case 1), she was examined roentgenographically in 
1956 as part of the investigation of the whole family. 
Subsequent interrogation revealed that from the age of 
13 years she had noted increasing difficulty in ab- 
duction of the thighs and had suffered stiffness of the 
hip joints after resting, especially after sitting in low 
chairs. Her physique and muscular development were 
normal. 

The menarche occurred at the age of 14 years and 
in the following year she was excluded from the 
physical training session at school because of inability 
to vault. She was admitted to a pediatric unit for 
the investigation of a limp and pain in the right thigh 
and knee, on 3 separate occasions in 1953, 1954, and 
1955, without any firm diagnosis being established or 
abnormality of the hip joint being recorded. Yet 
roentgenograms taken at those times show bilateral 
acetabular protrusions (Fig. 8). 

This patient reported pregnant in 1957, when she 
was 17 years of age. On vaginal examination the 
intrapelvic bony protrusions were palpable. There 
was considerable exaggeration of the lumbar lordosis, 
and abduction and rotation of the hip joints (more 
especially the right) were demonstrably impaired. At 
23 weeks’ gestation she complained of considerable 
pain in the right iliac fossa and in the lateral aspect 
of the right thigh. These symptoms required ad- 
mission to the hospital for rest in bed on 4 occasivns 
between the twenty-ninth week and term. 

The fetal lie was unstable throughout pregnancy. 
Sixteen days after the estimated date of delivery, the 
fetus was still lying obliquely, with the head above he 
pelvic inlet. Elective cesarean section was there! re 
performed. A living female child weighing 7 pounds 
9 ounces was delivered. An exacerbation of the pin 
in the right hip joint and lower lumbar spine occur ‘ed 
shortly after discharge from hospital. Thereafter, t!ivse 
symptoms decreased in severity, and 10 weeks aiter 
delivery she was free from additional discomfort. 

Comparison of roentgenograms taken at varius 
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Fic. 11. 


Fic. 12. 


Fic. 11. R. Y., cousin of F. K. (Case 1), aged 35 years. Anteroposterior roentgenogram showing 


primary osteoasthenic protrusion. 


Fic. 12. H. D., sister of F. K., aged 35 years. Anteroposterior roentgenogram showing primary 


osteoasthenic protrusion. 


stages showed that pregnancy did not result in further 
bone or joint change (Figs. 8, 9, 10). Pelvis was of 
good gynecoid shape and measurements were: 


Inlet: 

Anteroposterior diameter 

Transverse diameter 
Cavity: 

Minimum distance between acetabula = 

Estimated combined projection 

of acetabula = 0.3 inch. 

Outlet: 

Transverse diameter 


4.1 inches. 
4.6 inches. 
3: 


8 inches, 


= 4.5 inches. 


Casz 4. Mrs. S. O. was a primigravida, aged 35 
years. Routine vaginal examination at her first at- 
tendance at the antenatal clinic in 1954 revealed a 
reduction in the transverse diameters of the midpelvis 
and outlet. This led to investigation of the hip joints 
whose movements were found to be restricted in all 
directions. X-ray examination of the hip joints and 
pelvimetry was deferred until the thirty-sixth week of 
gestation and then showed primary protrusion of the 
osteoarthritic type (Fig. 17). The pelvis had a gyne- 
coid shaped inlet, a normal sacral curve, and the fol- 
lowing measurements: 
Inlet: 

Anteroposterior diameter 


Transverse diameter .4 inches. 
Cavity: 
Minimum distance between acetabula = 4.1 inches. 


Estimated combined projection 
of acetabula 
Outlet: 
Transverse diameter 


= 0.3 inch. 
= 3.8 inches. 


The fetal head remained above the pelvic brim 
until the onset of labor at term. The total duration of 
labo: was 1514 hours, the second stage lasting 114 
hours. A healthy female child weighing 6 pounds 13 
ounc's was delivered by low forceps under local 
anes iesia from an occipito-anterior position. 


Both the delivery and the repair of the episiotomy 
were again materially handicapped by gross limita- 
tion of the hip joint movements. 

The patient was aware of her disability but stated 
that its development during adolescence had been 
insidious and had led her to consult her general prac- 
titioner on only 1 occasion. She had never been able 
to play leapfrog and was forced to abandon vaulting 
at the age of 14 years, although she achieved the 
captaincy of the school hockey team in the same 
term. She could just manage to sit cross-legged on the 
floor at the age of 15 years but 3 years later found it 
impossible to sit on a low toilet seat. Since then she 
had been forced to void in a partially standing posi- 
tion. 

Case 5. C. P. had 5 pregnancies which ended in 
abortion at the twenty-third to twenty-seventh week of 
gestation, and 1 which progressed to 35 weeks but 
became complicated by eclampsia and accidental 


Fic. 13. D. D., niece of F. K., aged 14 years. Antero- 
posterior roentgenogram of hip joints showing primary 
osteoasthenic protrusion. 
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Fic. 14. 


Fie. T5. 


Fic. 14. J. D., niece of F. K., aged 9 years. Anteroposterior roentgenogram of hip joints show- 


ing primary osteoasthenic protrusion. 


Fic. 15. E. B., sister of F. K., aged 32 years. Anteroposterior roentgenogram of hip joints 


showing primary osteoasthenic protrusion. 


antepartum hemorrhage which caused the baby to be 
stillborn. 

The abnormality of the hip joints was found fortui- 
tously in 1956 during pyelography carried out because 
of a refractory urinary infection. The abnormality was 
clearly shown in hysterograms taken in 1951 in the 
course of an investigation of recurrent abortion but 
was overlooked. 

The earliest symptom of the hip trouble was diffi- 
culty in entering the family air raid shelter in 1939 
when the patient was 15 years old. For this reason she 
was referred to an orthopedic unit in 1940 and re- 
mained under supervision for 3 years. The clinical 
findings of limitation of hip-joint movements and 
exaggeration of the lumbar lordosis at that time was 
recorded in the case sheet, but no diagnosis was made. 
The disability was progressive and, in 1956, the range 
of flexion of the left hip joint was reduced to 45 de- 
grees and of rotation to 15 degrees, while abduction 
and adduction were absent. The right hip joint, how- 
ever, showed only moderate limitation of movement. 


Fic. 16. J. K., son of F. K., aged 19 years. Antero- 
posterior roentgenogram of hip joints showing abnormally 
deep acetabula. 


During her seventh pregnancy in 1957, when the 
patient was 34 years of age, she rested in bed in hos- 
pital from the twenty-fourth week. Pre-eclampsia de- 
veloped and, in view of the obstetric history, cesarean 
section was performed at 36 weeks’ gestation. A living 
male child weighing 4 pounds 12 ounces was de- 
livered. 

X-ray examination of the hip joints and pelvimetry 
performed 3 weeks after delivery showed primary pro- 
trusions of the osteoarthritic type. The diameters of the 
pelvis were: 


Inlet: 
Anteroposterior diameter = 4.2 inches. 
Transverse diameter = 4.7 inches. 
Cavity: 


Minimum distance between acetabula = 3.9 inches. 
Estimated combined projection 
of acetabula 
Outlet: 
Transverse diameter 


= 0.4 inch. 
= 4.5 inches. 


The pelvic inlet was of normal gynecoid shape. 
The sacral curve was normal. 

During the pregnancy there was a moderate increase 
in the discomfort in the left hip joint. Although com- 
parison of the postpartum radiographs with those 
taken in 1956 shows no significant changes there /ias 
been a slight permanent aggravation of symptorns. 
The patient now has difficulty in mounting stairs nd 
selects high, hard chairs and the longitudin.(lly 
directed seats on buses to avoid sitting with the thighs 
fully flexed—a position causing pain and stifl 
later. 

Case 6. This nulliparous patient, G. L., agec 53 
years, was admitted in 1958 for the investigatio: of 
lassitude and polyuria and was found to be suffe: ing 
from diabetes mellitus. Incidental findings on ex: re- 
tion urography were a large soft tissue mass inden: ing 
the bladder and bilateral primary acetabular pro ru- 
sions of the osteoarthritic type. Laparotomy sho: ed 
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the mass to be a parovarian cyst and the uterus and its 
appedages were removed. 

Disinclination to play leapfrog and lumbar back- 
ache at the age of 10 years were the earliest abnormal 
sympioms referable to the hip joints. After adolescence, 
the shortness of her stride often aroused comment but 
she played hockey and tennis with considerable suc- 
cess. Limitation of abduction precluded coitus when 
she married at the age of 32 years. Five years later 
tying shoelaces was a major problem and she began to 
prefer high chairs to lessen stiffness on rising. By the 
age of 42 years walking was limited by discomfort in 
the left thigh and she sought an orthopedic opinion 
for the first time. Unfortunately examination and 
treatment were concentrated on the left knee joint. 
The patient was investigated for apareunia at the age 
of 45 years. Preoperative catheterization was then 
difficult because of limited abduction and the hip 
joints were painful for several weeks after examination 
under general anesthesia in the lithotomy position. 
Menstruation ceased at 47 years of age. The personal 
and family history was otherwise not significant. 

Clinical examination of the hip joints disclosed 
complete absence of rotation and only 20 degrees of 
abduction, bilaterally. The ranges of adduction and 
flexion were reduced but to a lesser degree. The roent- 
genographic appearance of the hip joints is shown in 
Figure 19. The knee joints showed no abnormality. 


THE OBSTETRIC SIGNIFICANCE OF PROTRUSIO 
ACETABULI 

Pregnancy. Pregnancy tends to aggravate 
the symptoms of acetabular protrusions of all 
types as illustrated by Cases 1, 3, and 5. Re- 
missions between pregnancies are a feature of 
youth but become less obvious with advanc- 
ing years. The temporary adverse effect of 
pregnancy was noted as early as 1905 by 
Kuliga who concluded that the protrusion 
increased at this time. However, comparison 
of the roentgenograms in Case 3 taken be- 
fore, during and after pregnancy, shows that 
no bone or joint change occurred (Figs. 8, 9, 
and 10). Roentgenograms in Case 5 also 
showed no change. 

The exaggerated lordosis, which has the 
effect of increasing the angle of inclination of 
the pelvic brim, makes it difficult for the 
fetal head to engage in late pregnancy and 
may give a false impression of disproportion. 

Libor. Osteoasthenic protrusions project to 
maximal degree early in reproductive life 
and are thus generally of greater obstetric 
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Fic. 17. Case 4. Anteroposterior roentgenogram of hip 
joints showing primary osteoarthritic protrusion. 


significance than osteoarthritic lesions. The 
greatest encroachment upon the pelvic cavity 
can occur with secondary protrusions, but 
these are uncommon and usually affect one 
side only. In 1883 White (19) recorded an 
interacetabular diameter of only 3.25 inches 
and, as he specifically noted the absence of 
osteophytes, his case was probably of the 
osteoasthenic type. The smallest interacetab- 
ular measurement found in this series was 3.6 
inches (Case 2). 

The acetabular fossa is rather higher in the 
pelvic cavity than is often realized. Its center 
is only 1 inch below the level of the ilio- 
pectineal line. Acetabular protrusions might 
therefore result in disproportion at the inlet 
as well as at the midpelvic level. Neverthe- 
less, obstructed labor must be exceptional 
and has not so far been recorded as being 
caused by protrusio acetabuli alone. In the 
first of 2 cases reported by Muller dystocia 
is described but was caused by an android 


Fic. 18. Case 5. Anteroposterior roentgenogram of hip 
joints showing primary osteoarthritic protrusion. 
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deformity of the pelvis; in Petersen’s case the 
difficulty was due to flattening of the pelvis. 
Such alterations in pelvic shape must be re- 
garded as coincidental because primary pro- 
trusions of either type generally leave the 
over-all bony contour unchanged. In none 
of the cases reported here (Figs. 4 and 7), 
was the general shape of the pelvic cavity 
affected, nor was it in Case 2 described by 
Muller and those recorded by Campbell and 
by Overgaard. 

Some writers say that Kuliga’s patient 
died from obstructed labor but reference to 
the original article makes it clear that she 
died from antepartum and _ postpartum 
hemorrhage in her tenth pregnancy, a twin 
gestation complicated by placenta previa. 

Assuming that the presenting part passes 
the brim, the acetabular protrusions may 
well, however, influence the mechanism of 
labor. Their position is such that, if the inter- 
acetabular diameter measures less than 3.75 
inches, the fetal head may have no choice 
but to engage with its bitemporal diameter 
occupying the forepart of the pelvis. More- 
over, whenever the head does enter with the 
occiput posterior, the narrowing of the fore- 
part of the pelvis is likely to interfere with 
internal rotation and to lead to a persistent 
occipitoposterior position. ‘This fact is well 
illustrated by Case 1 in which, of 4 vaginal 
deliveries observed, 3 terminated with the 
fetal occiput posterior, 1 of these even when 
the breech presented. It is more than likely, 
too, that the face presentation which was a 
feature of Case 2 was the result of the narrow 
interacetabular space. By adopting this 
presentation with the chin anterior, both the 
bitemporal and biparietal diameters of the 
skull avoided the narrow part of the pelvis. 

Since Gilmour found a reduction in the 
transverse diameter of the pelvic outlet in the 
majority of his cases, outlet dystocia might 
be expected. In fact, this is not reported to 
have occurred and was not present in any of 
the cases reported here. All except 1 of our 
patients (Case 4) had an_intertuberous 
measurement of 4.5 inches or more. 

Obstetric operations. Protrusio acetabuli 


makes for difficulty if an operation involves 
the use of the lithotomy position. Limitition 
of flexion of the hips makes it impossible to 
bring the perineum to the end of the de- 
livery table unless the lithotomy poles are 
abandoned and the legs supported by as- 
sistants. Moreover, the restricted capacity for 
abduction may hamper any operation on the 
perineum or within the vagina, no matter 
how willing the assistants. In this respect it is 
of interest to note that in Otto’s original 
specimen the medial femoral condyles could 
not be separated by more than 4 to 5 inches. 
Limitation of abduction to such an extreme 
degree is unlikely to be found in a woman of 
child-bearing age. Nevertheless, there is often 
enough to make breech and forceps de- 
liveries, and even perineorrhaphy, awkward 
procedures. 

It may here be noted that gynecologic 
operations can also be hampered by pro- 
trusio acetabuli. This fact is well illustrated 
by Case 6 in which limitation of abduction 
is alleged to have accounted for apareunia 
and which certainly resulted in difficulty in 
catheterization and in the maintenance of the 
lithotomy position. 


ETIOLOGY 


The cause of primary protrusio acetabuli 
has long been disputed; Otto suggested that 
the condition to which he gave his name is a 
manifestation of gout. White (19), in record- 
ing the first case in this country, ascribed it 
to syphilis, and Charcot, after examining 
the specimen, agreed with this opinion 
(20). In this connection it should be pointed 
out that serologic tests for syphilis were 
negative in all cases recorded here, as they 
were in many other cases reported in the 
literature. Scandalis, Ghormley, and Dock- 
erty, in reporting 41 primary cases from the 
Mayo Clinic and reviewing 236 primary ind 
secondary cases from the literature, mien- 
tioned 31 different causes of primary «:ce- 
tabular protrusion which have been »ug- 
gested from time to time. In decreasing o1 der 
of frequency, the most popular are os'co- 
arthritis, tabes dorsalis, localized os'co- 
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mal.icia, inflammation, echinococcus dis- 
ease. endocrine factors, congenital defects, 
trauma, and gonorrhea. These authors con- 
cluded that none of the suggested causes had 
gained widespread acceptance—a viewpoint 
which is supported by the latest writer on the 
subject, Muller. In 1956, he stated that the 
cause is still unknown. 

Prior to 1910, opinions were all based on 
postinortem specimens of pelves and, in the 
majority, the picture was clouded by sec- 
ondary arthritic changes. In 1910, however, 
Schertlin demonstrated the lesion roentgeno- 
logically and thus opened the way to a more 
accurate study of its development. Neverthe- 
less, all discussions which took place prior to 
1935 can be largely disregarded because 
they failed to distinguish between protrusio 
acetabuli as a complication of injury, infec- 
tion, and new growths, and protrusio ace- 
tabuli as a primary condition. Overgaard’s 
differentiation between primary and sec- 
ondary protrusions has been universally 
adopted but his division of the first group 
into osteoasthenic and osteoarthritic types 
has not received the attention which it 
probably deserves. 

Overgaard postulated that the osteo- 
arthritic type is due to congenitally deep 
acetabula and since that time various writers 
have considered the possibility that primary 
acetabular protrusions of either type might 
represent an inherited taint. Retchman 
found primary protrusions in 2 male cou- 
sins, aged 54 and 61 years respectively. Un- 
fortunately, he did not specify whether the 
cases were osteoasthenic or osteoarthritic and 
itis impossible, because of arthritic changes, 
to decide this from his published illustrations. 
In 1937, Gickler reported Otto pelves in a 
brother and sister aged 22 and 28 years re- 
spectively, while Brentrup recorded 2 fa- 
milial pairs of cases. These latter consisted 
of a mother and daughter aged 78 and 49 
years, and a second mother and daughter 
agec| 53 and 28 years. In all these cases the 
protrusions were primary and osteoasthenic 
yet, in 1948, Petersen stated that the family 
history of the majority of the published cases 
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Fic. 19. Case 6. Anteroposterior roentgenogram of hip 
joints showing primary osteoarthritic protrusion. 


was negative, as were his findings in the 
families of 7 personal cases. He concluded 
that, on a statistical basis, the alleged fa- 
milial occurrences were due to coincidence; 
he therefore favored Scheuermann’s disease 
as the cause. 

Gilmour, who did not subdivide primary 
lesions, emphasized the unequal sex inci- 
dence and postulated that the coincidence 
between the onset of symptoms and the 
menarche betokened an endocrine im- 
balance as the causative factor. This, he 
believed, resulted in the formation of a rela- 
tively large amount of young vascular bone, 
a tissue less able to resist stress than unossi- 
fied cartilage. Friedenberg concurred with 
Gilmour and considered the condition akin 
to that of slipped femoral epiphysis. He 
reported the prolonged study of 2 cases and 
summarized the findings of long term fol- 
low-up examinations by Schapp, Golding, 
and Ghormley and Flashman to reach the 
conclusion that primary acetabular pro- 
trusion is not present in childhood, develops 
rapidly at puberty, and then remains static. 

To investigate the possibility of primary 
acetabular protrusions being genetically 
determined lesions it was decided to study 
the relatives of the 5 patients (B. K., Case 3, 
is for this purpose regarded as a relative of 
F. K., Case 1) in this series. The families 
were in no way interrelated and there were 
no consanguineous matings. Investigation by 
interrogation or questionnaire was rejected 


- 
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© 
ACETABULAR ABNORMALLY TOO YOUNG TO NORMAL 
PROTRUSION DEEP ACETABULA SHOW LESION 
mace Z O 
ym PROBAND THE NUMERALS INDICATE AGE IN YEARS 


Fic. 20. Pedigree of family K. 


because of the known insidiousness of the 
onset of symptoms. ‘The method of examina- 
tion was roentgenologic and parallels that 
used by Faber in the investigation of the 
transmission of congenital dislocation of the 
hip. The members of the families were found 
to be scattered throughout this country and 
overseas and it took 4 years, much cor- 
respondence, and many hundreds of miles of 
travel to have 63 relatives examined. This 
geographic scatter, however, has the ad- 
vantage that it tends to exclude a common 
environment, which might introduce dietetic 
and other etiologic factors, as having any 
effect. 

Other major problems of the investigation 
included a failure to secure the co-operation 


TABLE I.—FINDINGS ON ROENTGENOGRAPHIC EX- 
AMINATION OF THE HIP JOINTS OF THE RELA- 
TIVES OF THE PATIENTS IN THIS SERIES 


Type of protrusion in Pri- Pri- Pri- Pri- Pri- 
proband... mary mary mary mary 


osteo- osteo- osteo- osteo- osteo- 
asthe- asthe- arthri- arthri- arthri- 


nic nic tic tic tic 
No. of relatives exam- 
35 8 4 13 3 
No. of relatives old 
enough (9 years or 
more) to show the 
No. with acetabular 
protrusion:.......3...% 6 0 0 0 0 
No. with abnormally 
deep acetabula..... 3 0 0 0 0 


of all individuals and the need to resirict §steoar 
exposure to x-rays as far as possible. It proved §was or 
more difficult to obtain roentgenogranis of §: study 
men than of women but this is not a great fever, O 
disadvantage because the disease is more §osteoas 
often found in the female. The investigation Jobviou 
was further hampered by the fact that §pubert 
family O. has only 5 living members, and Jiamiliz 
family McK. was unusually unco-operative, §ickle 

Various roentgenologists were responsible 
for single anteroposterior films showing both Jrelativ 
hip joints, but all used the standard tech- Jamina 
nique of centering the tube midway between §)s so s' 
the anterior superior iliac spines and the §that p 
great trochanters at a tube-film distance of Jirusiot 
not less than 36, and not more than 40, fiion. I 
inches. Both hip joints were exposed in order Juant g 
to exclude false positive effects which can be fable e 
produced by oblique projections. Over-J At 
gaard’s criterion of protrusion was used, genol< 
namely that the outline of the acetabulum Jon fo 
must pass medial to the outline of the lateral § Peters 
pelvic wall and touch or cross the linea ter- J who v 
minalis (Figs. 1 and 2). For lesser degrees of J and a 
the lesion, Gilmour’s nomenclature of ‘‘ab- § or mo 


normally deep acetabula” was adopted. tion if 
The findings are set out in Table I and in J ciatec 
Figures 10, 11, 12, 13, 14, 15, and 16. who | 


According to the criteria described earlier, } toms. 
2 of the 5 patients (F. K. and D. McK.) were § were 
regarded as having osteoasthenic lesions and § and, 
the remainder osteoarthritic. The relatives of J dence 
F. K. were exceptionally co-operative and 35 § disco 
were examined. Of the 22 aged 9 years and § ther 
more, 6 (all females and including B. K., § whon 
Case 3) had osteoasthenic bilateral acetabu- § have 
lar protrusions and 3 (2 females and 1 male) § [his 
had deep acetabula. The pedigree of family J just a 
K. is shown in Figure 20. Only 8 relatives of J out « 
D. McK. consented to examination and 3} of § cong 
these were too young to show the lesion. § osteo 
None showed acetabular abnormalities. Of § well 
the 3 patients with osteoarthritic acetabiilar J genit 
protrusions, a total of 20 relatives (16 adults) 


SUMS 

were investigated but none had any 

DISCUSSION 


These findings provide no support for § !rom 
Overgaard’s suggestion that it is the prin ary J pelv 
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steoarthritic lesion which is inherited. His 
yas only a surmise and was not based on 
istudy of relatives. The findings do, how- 
wer, Offer strong evidence to show that the 
steoasthenic lesion is a family taint, not 
ybvious in childhood but appearing at 
puberty. ‘hey substantiate and amplify the 
iamilial incidence of the disease reported by 
Gickler and Brentrup. 

Despite the negative findings in the few 
relatives of D. McK. who consented to ex- 
amination, the family tree of F. K. (Case 1) 
isso striking as to permit a firm conclusion 
ihat primary osteoasthenic acetabular pro- 
irusion is a genetically determined condi- 
ion. It seems to be transmitted by a domi- 
nant gene with incomplete penetrance, vari- 
ible expression, and partial sex limitation. 

A trust in interrogation rather than roent- 
venologic examination may well be the rea- 
ion for the opposite conclusion reached by 
Petersen. Eighteen members of family K 
who were examined roentgenographically in 
and around Liverpool and who were 9 years 
or more of age were asked prior to examina- 
tion if they had noted any abnormality asso- 
ciated with their hip joints. Only 1 relative, 
who later became Case 3, admitted to symp- 
ioms. Nevertheless, 5 of the remaining 17 
were shown to have abnormal acetabula 
and, on clinical reassessment, 3 gave evi- 
dence of limitation of joint movement and 
discomfort. Roentgenography has the fur- 
ther advantage of recognizing relatives in 
whom protrusion has not occurred but who 
have abnormally deep acetabula (Fig. 16). 
This elucidates the pattern of transmission 
just as recognition of shallow acetabula with- 
out dislocation clarified the inheritance of 
congenital dislocation of the hip. Indeed, 
osteoasthenic acetabular protrusion could 
well be regarded as the counterpart of con- 
genital subluxation of the hip. 


SUMMARY 


1. Nine pregnancies proceeding to fetal 
viability occurring in 5 women suffering 
from primary acetabular protrusion (Otto 
pelvis) are described. 
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2. A sixth case of Otto pelvis was found in 
a gynecologic ward. 

3. The view that primary osteoasthenic 
protrusions do not become manifest until 
puberty and that they then progress for a 
limited period of years is confirmed. A re- 
duction in the range of hip joint movement 
can nevertheless precede medial displace- 
ment of the femoral heads. 

4, Although an exacerbation of the symp- 
toms of acetabular protrusion accompanies 
pregnancy, no permanent bone or joint 
change results. 

5. Acetabular protrusions narrow the fore- 
part of the pelvis and interfere with engage- 
ment and rotation of the fetal head. An 
increased incidence of persistent occipito- 
posterior positions and face presentations 
result. 

6. The limited range of abduction and 
flexion of the hip joints makes for difficulty 
when operating in the lithotomy position. It 
may also cause apareunia. 

7. The roentgenographic demonstration of 
acetabular protrusion in 6 relatives of one of 
the patients establishes for the first time that 
the primary osteoasthenic protrusion is a 
genetically determined lesion. It appears to 
be transmitted by a dominant gene with 
incomplete penetrance and variable ex- 
pression. 

8. Roentgenographic examination of the 
relatives of 3 patients with primary osteo- 
arthritic protrusions did not disclose any 
familial cases. 
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LATE RESULTS IN 110 PATIENTS WITH ABDOMINAL 


AORTIC ANEURYSM TREATED BY RESECTIONAL 
PLACEMENT OF AORTIC HOMOGRAFT 


LINCOLN O. SHERANIAN, M.D., JESSE E. EDWARDS, M.D., and 


JOHN W. KIRKLIN, M.D., F.A.C.S., Rochester, Minnesota 


PATIENTS WITH ANEURYSM of the abdominal 
aorta should be advised to have resection of 


this lesion if operative mortality is low and 


if the chance for long term survival is en- 
hanced. The present study was undertaken 
to help shed light on these qualifications. 

Attention was directed to cases in which, 
after resection, vascular continuity was re- 
established by use of a preserved homologous 
aortic graft. Cases in which replacement 
was by plastic prosthesis are not included 
in this study. At some time in the future, 
it will be appropriate to compare the 
survival rate of patients in whom plastic 
prostheses were used with that of the group 
herein reported in which homografts were 
employed. 


MATERIAL AND METHODS 


Selection of cases. One hundred thirty-five 
patients with abdominal aortic aneurysms 
underwent surgical exploration with a view 
toward resection of their aneurysms at the 
Mayo Clinic prior to May 1957, the first 
such instance having been in May 1953. ‘Ten 
of these cases were considered inoperable at 


the time of exploration, an inoperability 


rate of 7 per cent. The aneurysms in all 10 
were large lesions thought to involve the 
portion of the aorta giving rise to the renal 
arteries. In 15 cases, 11 per cent of the total 


_ number, the aneurysm was resected and re- 


placed with a synthetic graft of polyvinyl 


sponge (ivalon), nylon, or vinyon. These 


From the Sections of Pathologic Anatomy and Surgery, Mayo 
Clinic, and the Mayo Foundation, Rochester, Minnesota. 
This investigation was supported in part by a research grant 


be 4014 from the National Heart Institute, U. S. Public Health 
ervice, 


two groups were excluded from the study, 
leaving 110 cases, 82 per cent of all abdom- 
inal aortic aneurysms explored, in which an 
aortic homograft was used to replace the 
excised vessel. 

Among the 110 cases of resected and 
homografted aneurysm, there were 104 elec- 
tive operations for nonruptured aneurysms 
and 6 emergencies requiring the removal 
and replacement of ruptured aneurysms 
(Table I). 

In 11 cases, the operations were per- 
formed within the last 6 months of the study 
—too recently for significant follow-up as of 
May 1, 1957. Remaining is a total of 99 
cases in which the operations preceded the 
follow-up date by 6 months to 4 years 
(Table II). 

Technique of operation. ‘The technique of 
resection was similar to that described pre- 
viously (8). The graft replacement usually 
was performed by the technique of Dubost 
and associates. 

Aortic homografts. Of the many methods of 
preservation and storage of homografts in 
use today, those using refrigeration with 
balanced electrolyte and nutrient solution 
as developed by Carrel and later revived by 
Gross and co-workers have had widest use. 
Our method of securing and preparing 
aortic homografts is basically the same and 
has been described in previous publications 
by Mortensen and associates (9, 10). 

The grafts were obtained both aseptically 
and nonaseptically. In the latter circum- 
stance, they were sterilized in a solution of 
beta-propriolactone; but most were taken 
aseptically and placed in a storage medium 
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TABLE f.—110 CASES OF ABDOMINAL AORTIC ANEU- 
RYSM RESECTED AND REPLACED WITH AORTIC 
HOMOGRAFT, MAY 1953 THROUGH APRIL 1957 


Sex Younger Older 
Type of cases No. Male Female than 65 than 65 
Hlective 
(nonruptured). 104 92 12 56 48 
I.mergency 
(ruptured)... . 6 6 0 3 3 
110 98 12 59 51 


TABLE I[.—DISTRIBUTION OF CASES AMONG FOL- 
LOW-UP PERIODS 


Follow-up period Cases 
99 

*En luded in this follow-up period is 1 patient traced after more than 
4 years. 


containing Ringer’s solution, serum, and 
merthiolate and refrigerated at 2 to 4 de- 
grees C. until used. Any vessel not used after 
5 weeks of storage was discarded. 

RESULTS 

Hospital deaths. Of the total group of 110 
patients who had excision and homogratt 
replacement of their abdominal aortic aneu- 
rysms, 18 died in the hospital. Among the 6 
emergency cases, 3 deaths gave a mortality 
rate of 50 per cent. Among the 104 patients 
without rupture of the aneurysm, 15 deaths 
gave a mortality rate of 14.4 per cent. ‘The 
over-all operative survival rate was 83.6 per 
cent, 

‘The causes for the 18 hospital deaths are 
given in ‘Table III. Twelve of these cases 
have been reviewed in part with attention to 
their histopathologic aspects in a recent re- 
port by Barnes and co-workers. 

In 8 (44 per cent) of the hospital deaths, 
postoperative hemorrhage related to homo- 
grafting was the cause. In 5 of these, the 
hemorrhage was due to rupture of some por- 
tion of the wall of the homograft and in 3 
the hemorrhage seemed to originate at su- 
ture lines. Possibly the latter occurrence 
actually resulted from failure of the homo- 
gratt at the line of anastomosis. 


In 3 of the 5 instances of rupture of the 
homograft wall, there was histologic prooj 
that the break or rupture was due to a defec 
in the graft. In 1 of these, rupture of the 
aseptically taken graft occurred in its mid: 
portion on the cighth postoperative day. 
Part was resected and replaced with a sec- 
ond homologous aseptically taken graft. The 
remaining portion or the original graft then 
ruptured fatally 3 weeks later. Microscopi- 
cally, patchy areas of cystic medial necrosis 
were seen throughout the original graft. 

In the second case, rupture of the grali 
occurred on the twelfth postoperative day, 
The patient was explored and found to have 
multiple ruptures in the graft wall. ‘The ol< 
graft was left in place, and an attempt was 
made to reinforce the graft by wrapping it 
in polyvinyl (ivalon) sponge, but the patient 
died 6 days later of uncontrollable hemor- 
rhage. Dissolution of the vessel wall, with 
bacterial and polymorphonuclear cell infil- 
tration, had taken place in many portions ol 
the graft. This graft had been taken non- 
aseptically and sterilized with beta-proprio- 
lactone; cultures had been negative. 

In a third case, after 3 reoperations the 
patient ultimately died of a graft failure. 
The first re-exploration was necessary to 
repair a disrupted anastomosis, but the sec- 
ond and third re-explorations revealed mul- 
tiple ruptures of the original graft and of the 
subsequently inserted new graft. The grafts 
in this case had been taken aseptically. 

In the 3 patients who died of hemorrhage 
thought to have originated from a suture 
line, the grafts histologically were no differ- 
ent from the grafts in patients who died of 
causes not related to failure of the graft. 

Among the 7 hospital deaths resulting 
from causes which could not be related to 
the graft or the grafting procedure itself, 
there were 2 instances in which necropsy 
was not permitted. The homografts in each 
of the remaining 5 cases were examined and 
found to be in good functional condition. In 
1 of the 2 cases lacking necropsy confirma- 
tion, death on the fourth postoperative day 
was thought to be due to massive pulmonary 
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embolism. In the second case without nec- 
ropsy data, the course of death was acute 
renal failure. 

In all 3 patients dying of renal failure, 


there were progressive oliguria, anuria, 


uremia, and azotemia, leading to convul- 
sions and death. Dialysis was carried out in 
2 instances. Death in 1 case resulted from a 
large mural thrombus which formed im- 
mediately above the homograft, occluding 
the orifice to the right kidney and producing 
a massive infarction. In this patient and in a 
second who died of lower nephron nephro- 
sis, the aorta had been divided very close 
(0.5 to 1 cm.) to the origin of the renal 
arteries. 

Gangrene of the intestine was the cause of 
death in 2 patients. In 1 patient, postoper- 
ative thrombosis of the superior mesenteric 
artery occluded the blood supply to the en- 
tire intestine, resulting in gangrene of the 
small and large bowel. The second patient 
died of gangrene of the left portion of the 
colon. 

‘The remaining hospital death among the 
7 not related to the grafting procedure itself 
came in the third postoperative week and 
resulted from acute myocardial infarction. 

‘There were no instances of disruption of 
the abdominal wound. 

Late deaths. Follow-up of 91 patients who 
left the hospital after abdominal aortic re- 
section and insertion of a homograft dis- 
closed a total of 8 late deaths over the 4 year 
period considered. Failure of the homograft 
accounted for 3, occurring 214, 114, and 1% 
years after operation. In each of these, the 
lesion presented as a severe gastrointestinal 
hemorrhage because a false aneurysm of the 


_ graft ruptured into the retroperitoneal por- 
ed tof 
_ the grafts were found to be secure and pat- 


tion of the duodenum. In the other 5 cases, 


ent. Myocardial infarction was responsible 
for 3 deaths, occurring 314 years, 1 year, 
and 2 months postoperatively. Metastatic 
hypernephroma caused 1 death 6 months 
after operation. In the remaining case, rup- 
ture of an aneurysm of the left common iliac 
artery occurred 114 years postoperatively. 
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TABLE III.—CAUSES OF 18 HOSPITAL DEATHS 
Percent Necrop- Days 
Cause Cases of total stes postoperative 
Related to grafting 
Rupture of graft... 5 28 5 37,34,20,20,7 
(Presumably) failure 
of suture line.... 3 16 8,8,4 
Subtotal. ........ 8 44 8 
Not related to 
grafting 
Acute renal failure. 3 16 2 18,5,7 
Intestinal infarction 2 11 2 18,10 
Myocardial 
infarction. ..... 1 6 1 17 
Pulmonary 
embolism...... 1 6 0 4 
Subtotal....... 7 39 5 
Prolonged shock 
(Rupture of 
aneurysm, 
emergency 
resection). ..... 3 17 1 2,10hrs., 
operative 
Total hospital deaths. 18 100 14 0 to 37 days 


In this case, it had been noted at operation 
that the left common iliac artery was dilated 
but not aneurysmal. 

Except in 1 case of myocardial infarction, 
necropsy was performed after each of the 8 
late deaths. There were no late deaths 
among the 3 patients with ruptured aneu- 
rysm who survived emergency operation. 

There was loss of a limb in 1 case. ‘The 
patient had had severe arteriosclerosis ob- 
literans of both lower extremities with acute 
arterial occlusion on the left 1 month prior 
to the grafting. Acute occlusion of the left 
popliteal artery occurred on the second post- 
operative day. Embolectomy was performed, 
but amputation became necessary on_ the 
twelfth postoperative day. ‘The patient died 
on the thirty-seventh postoperative day 
from rupture of the aortic graft. 


SURVIVAL RATES 


The calculation of the survival rates that 
follow was based on 81 cases with follow-up 
from among the total of 110 cases in which 
resection and homografting were done in 
the period beginning in May 1953 and end- 
ing in April 1957. Omitted are the cases of 
the 18 patients who died in the hospital, the 
10 who left the hospital within the last 6 
months of the study, and 1 lost to follow-up. 
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891 48 
70K Present series 


(81 traced hospital survivors) 
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Years after operation 


Fic. 1. Survival rate of 81 patients traced after resec- 
tion of abdominal aortic aneurysms and replacement 
with homologous aortic graft, compared with that of 
general population aged 63 years. 


The survival rates are represented by what 
Berkson and Gage have called the ‘‘survivor- 
ship function,” and the calculations were 
made by the actuarial method they have 
outlined. The survival curves give in per- 
centages the probability of survival to suc- 
cessive years after operation. 

It is important to realize—and we wish to 
emphasize the point—that within the an- 
nual divisions of the follow-up period our 
groups of cases are small, with the numbers 
of more significant size falling into the 1 and 
2 year periods (Table II). Only 1 of the 81 
traced patients had been operated on more 
than 4 years before the termination of this 
follow-up in May 1957; he was living and 
well as of that date. 

In Figure 1, two curves are plotted. It 
will be seen that from zero time, the time of 
recovery from operation, the surgical pa- 
tients’ survival curve approximates that of 
the general population for the 1 year, 2 year, 
and 3 year follow-up periods plotted. Of pa- 
tients surviving operation and traced for 3 
years, 84.8 per cent were found to be living. 
This compares favorably with the expected 
3 year survival rate of 89.5 per cent for the 
normal population group at the average age 
of 63 years which was the average age of our 
patients at operation. 


COMMENT 


The incidence of the early operative 
deaths following elective resection and graft 
replacement of abdominal aortic aneurysms, 
as reported in most series, ranges from about 
10 to 20 per cent. The question whether 
ultimate survival is long enough to justify 
the risk of the operation has awaited answer 
by the follow-up of cases. Tracing through 
periods up to 3 years of our 81 survivors of 
operation has shown that after the patient 
leaves the hospital his chance of survival ap- 
proximates that of the normal population of 
age comparable to that estimated for the 
group studied. 

Obviously, for a clear demonstration of 
any increase in life expectancy among pa- 
tients who have undergone operation, the 
results obtained must be compared with re- 
sults in an untreated control series of cases. 
And for a valid comparison of surgical re- 
sults, both early operative and late deaths 
must be taken into consideration. 

In Figure 2, the survival rates for patients 
with resection and homograft have been 
corrected for hospital mortality. Four curves 
are plotted. Again, the estimated survival 
for the normal population at our group’s 
average age of 63 years is the top curve. For 
comparison with an untreated series of cases 
we have chosen Estes’ series of 102 patients 
with untreated abdominal aortic aneurysms 
as traced for the first 3 years of his study, the 
results of which appear as the bottom curve. 
In this untreated series, survival rates begin 
at 100 per cent, since it is a group without 
initial mortality. 

Between these extremes of survival for un- 
treated cases and for the general population, 
we have plotted for comparison 2 surgically 
treated series. The survival curve of our 
series represents 110 cases of resection and 
placement of homograft for abdominal 
aortic aneurysm as corrected for a 16.4 per 
cent hospital mortality and traced up to 3 
years. DeBakey and co-workers recently re- 
ported their experience with 230 such cases. 
We have taken the liberty of plotting also in 
Figure 2 the results of their study, which 
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thus is a second surgically treated series for 
comparison. In that series, a hospital mor- 
tality of 11 per cent was reported. Accord- 
ingly, the survival curve has been adjusted 
here to begin at 89 per cent. Hospital mor- 
tality of 16.4 per cent has given our series of 
110 resected cases an initial survival figure 
of 83.6 per cent, and inclusion of this factor 
has dropped survival rates of the surgically 
treated groups of cases to a position on the 
graph that reflects accurately the over-all 
surgical results. 

Immediately apparent from Figure 2 is 
the similarity of the survival curve for our 
treated cases and the curve based on the 
similar cases reported by DeBakey and asso- 
ciates. The 3 year survival rate for our series 
was 70.7 per cent, which compares with 69 
per cent for the series of DeBakey and asso- 
ciates. These two series seem to support one 
another in respect to over-all results and to 
constitute a reasonable number of cases fol- 
lowed over a 3 year period. Comparison of 
the survival curves of these two series with 
the curve representing survival in the 102 
untreated cases studied by Estes demon- 
strates an important increase in life expect- 
ancy among the patients who underwent 
operation. At the end of 3 years, only 49.2 
per cent of Estes’ untreated group remained 
alive, as compared to 69 per cent and 70.7 
per cent in the treated groups represented. 

A surprising and important finding in 
this review of both early and late deaths in 
our series has been the number of deaths 
resulting from complications in the homo- 
graft. Graft failures accounted for 8 of the 18 
hospital deaths—this being 44 per cent of 
deaths occurring in the postoperative recov- 
ery period—and for 3 of the 8 late deaths 
occurring in the 4 year follow-up period. 
Altogether, failures related to the use of 
homografts accounted for 11 (42 per cent) 
of the total 26 hospital and late deaths. 
These 11 are 10 per cent of the entire group 
of 110 treated by resection and homograft. 
Because of this experience, cloth prostheses 
are used exclusively in this clinic at present 
for aortic replacement. 


‘Normal population 
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a 82 Present series (110 cases with 
807683. 743 homografts) 
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Fic. 2. Comparison of over-all survival rates (account- 
ing for hospital and late deaths) obtained in our follow-up 
of 110 cases of abdominal aortic aneurysm with resection 
and homograft, in the 230 cases of DeBakey and co- 
workers with similar treatment, in the 102 cases of Estes 
without treatment, and in the general population aged 
63 years. 


It is of interest that all of the 3 grafting 
failures which caused late deaths presented 
as severe gastrointestinal hemorrhage. In 1 
instance, the patient died suddenly at home 
in a shocklike state, vomiting huge amounts 
of fresh blood, 2% years after the grafting 
procedure. Necropsy revealed the gastro- 
intestinal tract to be full of blood. A rupture 
of the anterior wall of the graft had led to 
formation of a false aneurysm which extend- 
ed across the upper anastomotic line, being 
partly on the host aorta and partly on the 
homograft side. Death was caused by subse- 
quent rupture of the false aneurysm into the 
retroperitoneal duodenum. The second in- 
stance occurred 114 years postoperatively. 
Necropsy showed a false aneurysm had 
formed below the upper suture line as the 
result of rupture of the anterior wall of the 
graft. As in the case mentioned, the false 
aneurysm had ruptured subsequently into 
the retroperitoneal duodenum. The third 
instance of late uncontrollable gastrointesti- 
nal hemorrhage, which also occurred 144 
years after the grafting, was suspected of 
representing a bleeding duodenal ulcer. The 
patient died during exploration in his home 
community. Necropsy proved death had 
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been caused by rupture into the retroperi- 
toneal duodenum of the graft and false 
aneurysm at a point 1 centimeter below the 
upper anastomosis. Our experience with 
these 3 late deaths resulting from rupture of 
the graft and false aneurysm into the retro- 
peritoneal intestine is not unique; others 
have reported similar cases. 


SUMMARY 


‘This follow-up study was undertaken in 
order to determine whether employment of 
aortic resection and placement of a homo- 
graft in cases of abdominal aortic aneurysm 
are justified. ‘The observations over a 4 year 
period and a comparison with untreated 
cases show that the results of the operation 
are favorable. The survival rate of patients 
with abdominal aortic aneurysms treated by 
resection and grafting is better than that of 
untreated patients. 

Homografts in the abdominal aorta are 
not without serious specific complications— 
primarily rupture of the wall of the graft, 
which has occurred both early and late in 
the postoperative period. Plastic prostheses 
may prove advantageous in avoiding the 


problem of graft failure encountered when 
homografts are used. 
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RESULTS OF TREATMENT OF PAPILLARY 
CARCINOMA OF ‘THE THYROID 


GEORGE CRILE, JR., M.D., F.A.C.S., Cleveland, Ohio, JOSEPH M. McNAMARA, M.D., 


Plymouth, Michigan, and JOHN B. HAZARD, M.D., Cleveland, Ohio 


In 1955, Crile, Suhrer, and Hazard (3) re- 
ported the results of ‘‘conservative” surgical 
treatment of 107 patients with papillary 
carcinoma of the thyroid. Perhaps the term 
“conservative” in the title of that report was 
misleading, because subsequently others 
have implied that incomplete excision of the 
tumor or its operable metastases was advo- 
cated. This report is presented to correct 
this misunderstanding and to point out that 
in the treatment of papillary carcinoma the 
term ‘‘conservative” applies, not to the re- 
inoval of the primary tumor or its grossly 
recognizable and removable metastases, but, 
to the conservation of uninvolved muscles, 
blood vessels, and nerves. ‘The operations 
employed involved complete removal of the 
primary tumor and extensive exploration of 
the neck with removal of all grossly involved 
groups of nodes. In this report we also will 
summarize the most recent follow-up data 
on the 107 cases presented in detail in 1955 
and discuss some of the controversial con- 
clusions that the results suggest. The de- 
tails of the technique of the operations em- 
ployed and the extent of the disease found 


in these cases have been previously reported 
(1, 2). 


INTERIM REPORT ON RESULTS OF ‘‘CONSERVA- 
TIVE” OPERATIONS FOR PAPILLARY CARCI- 
NOMA OF THE THYROID 


Four years have passed since the 107 cases 
reported in 1955 were reviewed. In this in- 
terim, the number of determinate cases in 
which operation was done more than 5 


From the Departments of General Surgery and Anatomic 
Pathology, The Cleveland Clinic Foundation, and The Frank 
E. Bunts Educational Institute, Cleveland. 


years ago and in which follow-up was con- 
tinued for more than 5 years or until death 
has increased from 39 to 88, and the aver- 
age period of follow-up has increased to 
more than 8 years. Only 1 additional pa- 
tient has died of papillary cancer; distant 
metastasis has developed in 1 additional pa- 
tient; and 2 additional patients have had 
local recurrences (implants occurring after 
previous operations) that necessitated small 
secondary operations. Table I is the sum- 
mary of the results as of December 1958. 

The number of patients listed as having 
no evidence of cancer is greater in 1958 than 
in 1955, because 3 patients who previously 
were lost to follow-up have since been 
traced, raising the completeness of the fol- 
low-up to 100 per cent. 


SIGNIFICANCE OF LENGTH OF FOLLOW-UP 


Patients with papillary cancer of the thy- 
roid, even if untreated, may live so long that 
5 year survival figures are of little signifi- 
cance in determining the results of treat- 
ment. But if the patients are classified as 
to whether they are living for 5 or more 
years after operation and show no evidence 
of cancer, then the significance of the figures 
changes. Six of the 107 patients in this series 
have died of cancer of the thyroid. One of 
these died as a result of a radical attempt to 
remove an inoperable recurrence. In 2 other 
patients local recurrences developed within 
2 years postoperatively. In 1 patient, distant 
metastases developed within 6 months. In 
1, mediastinal and pulmonary metastases de- 
veloped, and that patient died less than 2 
months after operation. In the case of the 
final patient a local recurrence developed 
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TABLE I.—SUMMARY OF OPERATIVE RESULTS IN 107 CASES OF PAPILLARY CARCINOMA OF THE THYROID, 
AS OF DECEMBER 1958 


—Primary group* (74). —Secondary group t (33) —~Combined total (107). 
No. 


Results Per cent No. Per cent No. Per cent 
Status 

No evidence of carcinoma present.............. 64 86.4 21 63.7 85 79.6 

TECULTERCE 0 0.0 1 3.0? 1 0.9 

Local recurrence and distant metastasis present... 0 0.0 1 3.0 1 0.9 

Distant metastasis present preoperatively......... 3 4.1 1 3.0 4 3.7 

Distant metastasis developed postoperatively. .... 0 0.0 1 3.0 1 0.9 
Cause of death 

Unknown; no recurrence at time of death........ 0 0.0 1 3.0 1 0.9 

Other than carcinoma; norecurrence at time of death 6.7 2 6.1 6.6 

Other than carcinoma; distant metastasis preop., 

GF 1 1.4 0 0.0 1 0.9 


All cases followed up for from 4 to 20 years after operation—average 844 years. 
*First definitive treatment given by author G. C., Jr., at Cleveland Clinic. 


First definitive treatment given at other institutions. 


within a year of operation and systemic 
metastases less than 2 years later. Although 
some of these patients lived for several years 
after inoperable recurrences developed, the 
tumors that ultimately proved fatal usually 
recurred promptly. It would seem, there- 
fore, that absence of recurrence for 5 years 
is an excellent prognostic sign. There is no 
patient in this series who lived 5 years with- 
out evidence of recurrence and who then 
died of cancer or now has evidence of per- 
sistent disease. 

The same tendency of fatal papillary can- 
cers to manifest their malignancy within 5 
years is apparent in Frazell and Foote’s larg- 
er series of cases: Of their 47 patients who 
died of papillary carcinoma, 13 died within 
the first year, and 36 died within the first 5 
years. 

There are 88 patients in our determinate 
group who have been followed up for from 
5 to 20 years or until they died of cancer. 
The results in 20 other cases were considered 
to be indeterminate for the following rea- 
sons. Six patients died of causes other than 
carcinoma of the thyroid before 5 years had 
passed; 3 of these died of proved cancers 


other than cancer of the thyroid; 2 died of 
cardiovascular diseases, and 1 of a hemor- 
rhage, the source of which was not deter- 
mined. 

Twelve additional patients have been 
followed up for 4 years or more but have 
not yet reached the 5 year determinate 
mark. All but 3 of these appear to be well 
and free of cancer. Two have pulmonary 
metastases which were present before oper- 
ation and have regressed following admin- 
istration of desiccated thyroid. In the other, 
pulmonary metastases developed from a 
simultaneously present adenocarcinoma of 
a higher order of malignancy than that of 
the usual papillary carcinoma. The last pa- 
tient of the indeterminate group had a soli- 
tary metastasis to bone that was present be- 
fore the primary tumor was biopsied and 
which was well controlled by thyroid feed- 
ing for 4 years when the patient died of 
coronary occlusion. 

In the determinate group of 1958, the re- 
sults of treatment are about the same as 
they were 4 years ago (Tables II and III). 
In 1955, 87.2 per cent of 39 patients were 
living and appeared to be free of cancer; 
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TABLE II.—FIVE YEAR (OR MORE) END RESULTS IN 
THE 39 DETERMINATE CASES OF 107 CASES OF 
PAPILLARY CARCINOMA (AS REPORTED IN 1955) 


No.of Percentage 


Results patients of total 
Living—35 
Status 
No evidence of carcinoma............ 34 87.2 
Distant metastasis (present preop. also) 1 2.6 
Dead—4 
Cause 
Carcinoma of the thyroid............. Ta 


Other than carcinoma; papillary car- 
cinoma present at time of death..... 1 2.6 


Lost to follow-up—none 


*Two had previous operations on the thyroid followed by inoperable 
local recurrences. 


whereas, in 1958, 86.4 per cent are alive 
and apparently free of cancer. An additional 
2.3 per cent died, without recurrence of 
cancer, of causes proved to be unrelated to 
the thyroid cancer. 

At the time of the report in 1955, 7.7 per 
cent of the patients in the determinate group 
had died of thyroid cancer and by 1958 only 
6.8 per cent of the larger determinate group 
had died. In 1958 there was 1 patient living 
with a question of a local recurrence, and 
there was 1 who has had pulmonary metas- 
tases for many years, in whom both these 
and a local recurrence are well controlled 
by feeding desiccated thyroid. Two other 
patients are living with pulmonary metas- 
tases that were present before operation, 
and 1 is living with postoperative metasta- 
ses. In each of these 3 patients the metas- 
tases have regressed after the feeding of 
desiccated thyroid. In 1 patient pulmonary 
metastases have vanished after feeding desic- 
cated thyroid. 

The most gratifying feature of this study 
is that there have been no metastases and 
no deaths from cancer in the determinate 
group of 39 patients who were living with- 
out evidence of cancer at the time of the 
1955 report; in this group there has been 
only 1 recurrence, an excisable implant that 
occurred in a patient who had 3 previous 


TABLE III.—RESULTS IN 88 DETERMINATE CASES 
FOLLOWED TO DECEMBER 1958 


No. of Percentage 


Results patients of total 
Living—80 (90.9 per cent) 
Status 
5 to 20 yrs., no evidence of cancer..... 76 86.4 
More than 5 yrs. with distant metastasis 3 3.4 
More than 5 yrs. with question of local 
Dead—8 (9.1 per cent) 
Cause 
Less than 5 yrs., carcinoma........... 5 5.7 
More than 5 yrs., carcinoma.......... 1 1.1 
More than 5 yrs., other than carcinoma; 
no recurrence at time of death...... 2 23 


All patients were operated on from 5 to 20 years ago and have been 
followed: (a) 5 or more years, (b) to the time of death from thyroid 
carcinoma, or (c) to the time of death from intercurrent disease occur- 
ring more than 5 years after operation. Excluded as not determinate 
are 19 cases: 12 patients operated on less than 5 years ago and 7 pa- 
tients who died in less than 5 years of causes other than thyroid cancer. 

Five year survival rate of determinate cases is 94.3 per cent. 


operations. ‘These observations confirm our 
clinical impression that the long-range prog- 
nosis is good in the patient in whom a 
papillary carcinoma appears to be con- 
trolled for 5 years or longer. 


TOTAL THYROIDECTOMY VERSUS LOBECTOMY 
IN THE TREATMENT OF UNILATERAL CANCER 


Since it has been demonstrated that some 
cancers of the thyroid are multicentric, 
many surgeons now advocate total thyroid- 
ectomy for all patients with papillary car- 
cinoma of the thyroid, even when the con- 
tralateral lobe does not appear to be in- 
volved. In this series there were 75 cases in 
which only a lobe or occasionally a part of 
a lobe was removed or subtotal thyroid- 
ectomy was performed. ‘The average period 
of follow-up in these cases is now more than 
8 years, yet only 2 patients have had second- 
ary operations for enlargements of the side 
contralateral to the primary tumor. In 
neither of these was there any recurrence of 
the cancer; one operation was for a struma 
lymphomatosa and the other was an ex- 
ploration and biopsy performed because 
lymph nodes on this side became involved. 
Frazell and Foote, in a larger series, had to 
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reoperate for cancer in the other lobe in less 
than 1 per cent of their patients. These ex- 
periences suggest that if primary tumors are 
excised widely, and if the patients thereafter 
are given desiccated thyroid, microscopic 
foci of cancer, even if present, are not apt 
to develop into clinical cancers. In this con- 
nection it is interesting to note that micro- 
foci of cancer can be found by serial sections 
of the thyroid in more than 3 per cent of all 
thyroids removed at necropsy. In 1 case in 
this series, at the time of a secondary oper- 
ation done 7 years after the original, a bi- 
opsy was taken from a normal appearing 
contralateral thyroid lobe and showed a 
tiny microfocus of carcinoma. ‘The signifi- 
cance of such findings is not clear, but in our 
opinion it is no cause for alarm or indication 
for a radical operation. 


THE QUESTION OF PROPHYLACTIC DISSECTION 
OF LYMPH NODES 


Another controversial issue is whether or 
not a prophylactic dissection should be done 
when there is no gross evidence of involve- 
ment of nodes. ‘Twenty-six patients in this 
series had what appeared to be localized 
tumors, and therefore no dissection of the 
lymph nodes was done. In 1 of these patients 
the tumor was a tiny midline nodule that 
was treated by resection of the isthmus with- 
out exploration of the neck. Two years later 
cervical lymph nodes became palpable and 
were resected. Five years after the second 
operation the patient has no evidence of 
recurrence. In only 1 patient of the 25 in 
whom the regional nodes were explored and 
believed to be uninvolved grossly did metas- 
tasis subsequently appear. In this case, 4 
years after the original lobectomy a single 
involved node was removed from the lateral 
cervical region. Seven years after the second 
operation there was no evidence of recur- 
rence. 


THE INFLUENCE OF THE TYPE OF TUMOR ON 
THE PROGNOSIS 


Because the 5 year survival rate of the pa- 
tients in this series has been so high (94 per 


cent of the 88 patients in the determinate 
group), it has been suggested that the 
pathologic criteria for the diagnosis of cancer 
might have been unusually liberal. This is 
unlikely, because in 75 per cent of the pa- 
tients metastases were present at the time of 
the original operation and in only 3 of the 
nonmetastasizing cancers was the tumor a 
small and incidental finding. 

Despite the fact that the tumors reported 
here are true cancers, it is likely that the 
survival rate of the patients in this series is 
unusually high by virtue, to a large extent, of 
the pathologic criteria by which they have 
been classified. For example, in the recent 
article on papillary carcinoma by Frazell 
and Foote, several cases are included in 
which there were areas of anaplastic car- 
cinoma in tumors that were predominantly 
papillary. Such tumors would not be classi- 
fied by us as papillary carcinomas. 

In the Cleveland Clinic series, papillary 
tumors containing areas of anaplastic car- 
cinoma have been classified among the un- 
differentiated carcinomas. Even if the major 
part of a tumor is papillary, the presence of 
areas of anaplastic cancer will cause it to 
behave like an anaplastic cancer, and it is apt 
to cause death rapidly. Perhaps it is the in- 
clusion of tumors of this type in the classifica- 
tion of papillary carcinoma that has been 
responsible for some of the poor results that 
have been reported by many surgeons after 
operations for papillary carcinoma. Much of 
the present controversy about the prognosis 
and treatment of patients with papillary 
carcinomas might be resolved if everyone 
reporting his results were writing about thc 
same type of cancer. 

The effect of the age of the patient on prog- 
nosis is also significant. Despite the fact that 
the papillary carcinomas that occur in mid- 
dle-aged or older people are predominantly 
papillary and do not necessarily contain 
demonstrable areas of anaplasia, many of 
these tumors are more invasive than are the 
carcinomas that occur in patients in their 
teens, twenties, and thirties; the primary tu- 
mors generally are more bulky, and uncon- 
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trollable local recurrences are more com- 
mon. Deaths from papillary cancer are also 
much more common in the patients of the 
older group. Of the 107 patients in this series 
only 27 were more than 49 years old, and all 
of the 6 deaths from cancer of the thyroid 
occurred in the 27 patients in this older age 
group. Frazcll and Foote observed a similar 
relationship between age and prognosis: only 
4 of their patients under 40 years of age 
died of papillary cancer as compared with 43 
in the smaller group of patients who were 
more than 40 years of age. In Frazell and 
Foote’s age groups between 20 and 40 years, 
moreover, the 5 year survival rates were 
(like ours) between 95 and 100 per cent. 
‘Thus, although there is not much histo- 
pathologic difference between the tumors 
that occur in the older age group and in the 
younger age group, there is, nevertheless, a 
striking difference in their responses to the 
treatment. Certainly it is in the older age 
groups that consideration should be given to 
more radical operations, for in this group the 
tumors are not only more invasive but are 
less responsive to control by feeding desic- 
cated thyroid. 


THE VALUE OF TREATMENT WITH DESICCATED 
THYROID 


Prior to June 1953, desiccated thyroid was 
not given routinely to patients after opera- 
tion for carcinoma of the thyroid. Fifty-eight 
patients were operated on prior to that time, 
and in 14 of those (24 per cent) carcinoma 
reappeared in cervical nodes contralaterally 
or outside of the field of the original opera- 
tion. In 9 of the 14 cases, the tumors reap- 
peared within 2 years of the original opera- 
tion. 

Between June 1953 and December 1954, 
15 patients were operated on for papillary 
carcinoma and were given desiccated thy- 
roid following operation, usually in doses of 
3 grains daily. The only reappearance of 
cancer in this group was in a patient who 
took only 1 grain of thyroid daily, and 15 
months after operation metastasis developed 
in a cervical node. In a larger group of pa- 


tients operated on between 1955 and 1958 
and treated with desiccated thyroid, there 
has been only 1 recurrence. From this experi- 
ence it appears that feeding of desiccated 
thyroid before and after removal of papillary 
carcinomas of the thyroid has a definite 
restraining effect on the growth of residual 
cancer.! 


CONCLUSIONS 


A study of the long range (4 to 20 years) 
follow-up of 107 patients operated on for 
papillary carcinoma of the thyroid suggests 
the following conclusions: 

1. After adequate operations on the pri- 
mary tumor and its cervical metastases there 
is a low incidence of late recurrences. No pa- 
tient in this series who survived 5 years with- 
out recurrence has died of cancer of the thy- 
roid or, at the time of this report, has any 
evidence of this disease. 

2. After operations that remove all grossly 
involved tissues but conserve uninvolved 
muscles and nerves, local recurrences have 
not been a serious problem. ‘There is no 
case in this series in which there has been a 
recurrence in the sternomastoid muscle. 
None of the 74 patients in the group whose 
primary treatment was given by us has died 
with a local recurrence of a thyroid cancer 
or now has evidence of persistent cancer in 
the neck or mediastinum. All of these pa- 
tients have been followed for an average of 
814 years. 

3. The operation required in any given 
case depends upon the extent of the disease 
but always should include wide resection of 
the primary tumor. When many lymph nodes 
are involved the operation should include 
removal, within their enveloping fat, of lat- 
eral cervical, paratracheal, superior medias- 
tinal, and midline laryngeal nodes. Some of 
these must be. removed individually or in 
groups from the vital structures on which 


1Since the preparation of this material metastasis to cervical 
nodes has occurred in a patient who was taking 3 grains of thy- 
roid daily. The rate of growth of the tumor was slow, but the 
desiccated thyroid did not completely control it. This variation 
in the response of papillary carcinomas to thyroid feeding em- 
phasizes the importance of complete excision of the primary tu- 
mor and its metastases. 
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they lie, but most can be removed en bloc 
within their fatty envelopes. Sacrifice of the 
sternocleidomastoid muscles and important 
nerves is rarely necessary. 

4. If the regional lymph nodes are ex- 
plored and there is no gross evidence of 
metastasis there is no necessity for prophy- 
lactic dissection of the neck. In only 1 of 25 
such patients did cervical metastasis develop 
after operation and in this case it was easily 
controlled by excision of a single involved 
node. 

5. If the cancer is localized to a single 
lobe of the thyroid, complete removal of that 
lobe, sometimes with the isthmus and a part 
of the contralateral lobe, is all that is re- 
quired. In none of the 75 such patients in 
this series has cancer appeared in the contra- 
lateral lobe. 

6. Although 75 per cent of the cancers in 
this series had metastasized at the time of 
operation, and although there is no question 
of the malignancy of the other 25 per cent, 
the 5 year survival rate of the 88 patients in 
the determinate group was 94 per cent. It is 
suggested that one of the factors that con- 
tributes to this high rate of survival is the 
exclusion from this series of the predomi- 
nantly papillary cancers that showed signifi- 
cant areas of anaplasia. The rare papillary 
tumors which show anaplasia behave like 
anaplastic cancers and are classified as such 
even if they are predominantly papillary. 


7. The prognosis of patients with papillary 
carcinomas appearing after the age of 49 
years is more serious than that of patients in 
whom the tumor appears earlier. 

8. The routine feeding of 2 or preferably 
3 grains of desiccated thyroid daily after all 
operations for papillary cancer appears to 
have decreased the incidence of recurrence. 


9. The high survival rate reported in this — 


series is probably due to: (1) the removal of 


all grossly recognizable tumor in the vital ) 


central cervical and superior mediastinal 
areas, (2) the routine daily feeding of desic- 
cated thyroid after all operations for cancer, 
and (3) the exclusion from the classification 
of papillary carcinoma of the cases in which 
there were elements of anaplastic cancer. 

10. If there were a universally accepted 
pathologic definition of the tumors that are 
to be classified as papillary carcinomas of the 
thyroid, much of the controversy about their 
treatment might subside. 
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FURTHER EXPERIMENTAL WORK ON PROSTHESES FOR 


HERNIA REPAIR 


AMOS R. KOONTZ, M.D., F.A.C.S., and ROBERT C. KIMBERLY, M.D., F.A.C.S., 


Baltimore, Maryland 


Ir Is NOW generally recognized by most sur- 
geons that there are cases of hernia in which 
tissue deficiencies are so great that prostheses 
of foreign materials are desirable if a perma- 
nent cure is to be obtained. The indications 
for the use of these materials are thought to 
be greater by some surgeons than by others. 
Some still prefer fascia or cutis grafts to for- 
eign prostheses. Certain disadvantages are 
associated with the use of them, however. 
Additional surgery is required and there is a 
limit to the amount of tissue available. 

Undoubtedly some surgeons work better 
with some materials than with others. The 
important thing, from the point of view of 
the patient, is to cure the hernia regardless 
of the method used, and naturally each sur- 
geon should use a method with which he can 
obtain the best results. 

We believe that one of the great needs in 
surgery is some nonmetalic, nonabsorbable 
material which can be used both for sutures 
and for prostheses and which will not cause 
trouble in the presence of infection. ‘Tanta- 
lum, though a metal, does not cause trouble 
in the presence of infection, and our long and 
varied experience with it has led us to be- 
lieve that tantalum gauze is an almost ideal 
prosthesis. It does have certain minor disad- 
vantages, however, in spite of its good quali- 
ties, in that occasionally (only 2 instances in 
nearly 700 clinical cases) it may break and 
protrude through the skin. While the gauze, 
itself, is very flexible, there are a few cases in 
which it cannot be made to fit the contour of 
the part as well as some cloth material. 
These defects are minor and have not inter- 
fered with our continued successful use of 
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the material. Nevertheless, we have con- 
tinued our search, over a period of 10 years, 
for something that might possibly be better. 

We have already reported (7) on the re- 
sults of our experiments with fortisan fabric 
which confirmed those of Narat and Khe- 
droo. This material works beautifully as a 
prosthesis, is very easy to handle, and there 
is excellent infiltration of the fibrous tissues 
of the host into the fabric. In the presence of 
infections, however, the fortisan fabric be- 
comes a rolled-up foreign body in the center 
of an abscess cavity or causes a persistent 
sinus tract or a buried granuloma. It was 
used once only in a clinical case for which it 
seemed especially suited. We hesitated to 
use it again for fear that, should infection 
ensue, the whole operation would be nulli- 
fied. ‘The behavior of fortisan fabric is quite 
different from that of tantalum gauze which, 
in the presence of infection, undergoes just 
as good infiltration with fibrous tissue as if 
no infection existed (5). 

Our search has continued for some mate- 
rial which would have all the advantages of 
tantalum with none of its minor disadvan- 
tages. In this article we report the results of 
our experiments. 


METHOD 


The method used in these experiments 
(except in the case of the threads) was to re- 
sect approximately 2 inches of the rectus 
sheath and muscle on each side in dogs and 
repair the defect by suturing in the prosthe- 
sis. The experiments were conducted in the 
case of each material so as to test the tissue 
reactions to the respective materials under 
both aseptic and septic conditions. In the 
aseptic experiments the usual sterile tech- 
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nique was used and the experimental mate- 
rial was sutured in place with interrupted or 
continuous sutures of fine black silk. The 
subcutaneous tissue and skin were closed 
with the same material. In the septic experi- 
ments no aseptic precautions whatsoever 
were used. ‘The dog’s belly was simply 
clipped and not shaved and not cleaned up 
in any other fashion. Nonsterile instruments, 
gowns, and gloves were used. Catgut or 
stainless steel wire was used as a suture ma- 
terial instead of silk because of the known 
trouble that silk gives in the presence of in- 
fection. ‘he wounds were spat into by both 
of us before they were closed. 

Dacron fabric. ‘Thirteen experiments were 
conducted using dacron fabric of 2 weaves 
(Fig. 1A and B), 12 infected and 1 not in- 
fected. ‘The animals were killed from 3 to 19 
weeks after operation. In all of the infected 
cases the fabric lay rolled up in an abscess 
cavity. In the 1 noninfected case (weave A— 
17 weeks) the wound was nicely healed, the 
fabric was perfectly in place, but there was 
very little infiltration of fibrous tissue and 
therefore the abdominal wall was not strong. 

‘These few experiments would indicate 
that dacron will cause trouble in the pres- 
ence of infection. Even in the 1 noninfected 
case, the infiltration with fibrous tissue was 
so slight that a strong abdominal wall was 
not produced. ‘This is in marked contrast to 
the effect produced by tantalum gauze. 

Dacron and nylon cloth. Nine experiments 
were performed in which a dacron and ny- 
lon fabric with fairly close weave was used 
as a prosthesis. In 3 of these experiments the 
nonsterile method was used. These dogs 
were killed from 5 to 10 weeks after opera- 
tion. In 2 of them (5 and 8 weeks) the mate- 
rial was encapsulated in fibrous tissue but 
there was no infiltration of the fabric with 
fibroblasts. In the third (10 weeks) there 
was no infection; neither could any cloth be 
found. It was believed that it had either 
been extruded because of infection or ab- 
sorbed, probably the former. 

‘The 6 dogs operated upon with the usual 
sterile technique were killed from 4 to 12 


weeks after operation. Only 1 showed any 
evidence of infection; a granuloma was 
found underneath the fabric. ‘There was no 
infection in the others but there was also 
very little infiltration of fibroblasts. 

We believe that these few experiments 
show that dacron and nylon cloth, at least a 
closeweave cloth, is not suitable as a prosthe- 
sis in hernia repair. ‘The fact that there was 
very little infiltration of the cloth with fibro- 
blasts may have been due to the close weave 
of the cloth. (However, there was good intfil- 
tration of orlon cloth of a much. closer 
weave.) Unfavorable experiments with dac- 
ron and nylon alone, though, would make us 
feel that a combination of the two would 
probably be no better than either material 
by itself. 

Fiberglas. ‘Twelve experiments were con- 
ducted with this material using 108 and 112 
mesh fiberglas. All of the operations were 
performed under aseptic technique. ‘The an- 
imals were sacrificed from 2 to 19 weeks 
after operation. Four of them had abscess 
cavities in which the fiberglas was either 
rolled up or had been extruded. In 4 there 
were granulomas around the fiberglas and 
little infiltration of fibroblasts. In 4 there 
was good infiltration of the fiberglas in spite 
of the presence of granulomas in some, but 
the result was weak except in 1 case. 

It will be seen that most of the wounds in 
these animals became infected. In most of 
those in which there was no frank pus, there 
were buried granulomas. Even in the pres- 
ence of infection, however, there was con- 
siderable fibrous reaction around the fiber- 
glas and the hernia was healed in spite of the 
infection. ‘This fact, however, does not prove 
anything, as it has been amply demonstrated 
that it is difficult to produce permanent 
hernias in dogs (4). ‘They tend to heal spon- 
taneously after a few weeks and these hernias 
would probably have healed whether any 
fiberglas was implanted or not. ‘The value ol 
experimental work with regard to plastic re- 
pair of abdominal wall defects in dogs is to 
determine what the tissue reaction to the 
material will be during the first few weeks 
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belore the spontaneous healing has a chance 
to be initiated. 

In only 1 of these animals was there good 
infiltration of the fiberglas and firm healing. 
In another animal in which there was no in- 
fection and nice infiltration, the result was 
weak. We concluded from these experiments 
that fiberglas is not a suitable prosthesis for 
the closure of abdominal wall defects. 

Fortisan thread. Our experiments with for- 
tisan fabric have already been reported (7). 
In view of the behavior of fortisan fabric in 
the presence of infection, it was to be expect- 
ed that we would get no more favorable re- 
sults with the use of fortisan thread. Only 6 
experiments therefore were conducted, all 
in a nonaseptic manner. An incision was 
made in the rectus sheath on each side 
through separate skin incisions. On the right 
side in each animal the sheath was sutured 
with 5 sutures of fortisan thread, and on the 
left with 5 sutures of black silk of an equal 
caliber. 

These animals were killed from 4 to 17 
wecks after operation. In all cases there were 
buried granulomas around the sutures, both 
fortisan and silk, except that in 1 case (17 
weeks) there were no granulomas around 
the silk sutures. 

‘The experiments show that fortisan thread 
causes as much trouble in the presence of in- 
fection as does silk. It, therefore, has no ad- 
vantage over silk as a suture material. 

Mplar. Eight experiments were done using 
sheets of mylar, 3 mils thick, with multiple 
perforations in the sheets. Three of the ex- 
periments were conducted in a nonsterile 
fashion, the other 5 with aseptic technique. 

‘The 3 nonsterile dogs were killed 2, 3, and 
6 weeks after operation. In the first 2 there 
were sinus tracts leading to abscess cavities 
in which the mylar was floating. In the other 
onc (6 weeks), the mylar was encapsulated 
in tibrous tissue but there was no infiltration 
of with fibroblasts. 

The 5 dogs operated upon aseptically 
were killed at periods of time varying from 2 
to > weeks after operation. ‘Two of them had 
sinus tracts leading to abscesses and 2 had 
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Fic. 1. Some of the fabrics used in these experiments. 
A and B are meshes of dacron. C is orlon cloth. D is 
woven stainless steel wire. E, F, and G represent some of 
the meshes of teflon used. 


buried abscesses, in all of which the mylar 
was floating free. In the fifth case (3 weeks) 
the mylar was buckled and surrounded by 
clear fluid. In nearly all of the cases the ma- 
terial was badly buckled. 

This material did not lend itself to any 
useful purpose in the-repair of abdominal 
wall defects in the small number of experi- 
ments employed. ‘The material was so stiff 
that even in the experiments conducted un- 
der sterile technique infection ensued. ‘There 
was no infiltration of fibrous tissue in any of 
the experiments, and the results in these ini- 
tial experiments were so unfavorable that 
we did not consider it desirable to pursue 
further experiments with the material. 

Nylon mesh. Fifty-six experiments were 
performed by using nylon mesh of various 
types from several American manufacturers 
as well as the French crinoplaque. 
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Only 14 of the 56 dogs were operated up- 
on by sterile technique. These were killed 
from 2 to 15 weeks after operation. Four of 
the wounds became infected, autopsy was 
performed from 5 to 15 weeks after opera- 
tion, and in each instance the nylon was 
found floating free in an abscess cavity. Of 
the remaining 10, in 2 there was excellent 
fibroblastic infiltration of the mesh with a 
strong abdominal wall, in 2 others, good in- 
filtration with a fairly strong wall, and in the 
other 6, only fair infiltration with a weak 
result. 

The 42 dogs operated upon in a nonasep- 
tic manner were killed from 1 to 21 weeks 
after operation. Most of these showed sinus 
tracts leading to abscess cavities in which 
the nylon fabric was floating. In some, the 
infection had been fairly well taken care of 
and there was some infiltration of the nylon 
fabric by fibroblasts. In most of these, how- 
ever, the infiltration was negligible. In some 
of the animals the fabric was protruding 
from the wound. 

‘These experiments show that nylon mesh, 
in the absence of infection, in some cases un- 
dergoes excellent infiltration by fibrous tis- 
sue and furnishes a strong abdominal wall. 
In most of the noninfected cases, however, 
the infiltration was not nearly as active and 
the end result not nearly as strong as in dogs 
in which tantalum had been used for the re- 
pair. ‘The experiments also showed that ny- 
lon mesh of all the types used in the experi- 
ments was found to be entirely unreliable in 
the presence of infection. Most of the reports 
in the literature are in general agreement 
with the results of these experiments, but 
some are not. Moloney has reported good 
results in the nylon-darn repair of inguinal 
hernias. However, with braided nylon there 
were 21 sinus tracts, which required removal 
of the nylon in 17 instances. With monofila- 
mentous nylon there were 19 sinuses, which 
required removal of the sutures in only 4 
instances. 

Orlon cloth. Sixteen dogs were used in the 
experiments with orlon cloth. (The weave of 
the cloth is shown in Fig. 1C.) In 6 of these, 


sterile technique was used and in 10 non. 
sterile technique. The 6 in which sterile 
technique was used were killed from 2 to 13 
weeks after operation. There was excellent 
infiltration of the orlon cloth by fibroblasts 
and a very strong repair of the defect in the 
abdominal wall. In 1 case this was true in 
spite of the fact that there was a granuloma 
at 1 spot under the mesh. In 1 case there 
was a hernia through the center of the fabric 
and in another, at the side of the fabric. 

The 10 dogs operated upon in nonsterile 
fashion were killed from 2 to 21 weeks after 
operation. There was good infiltration by 
fibroblasts and a strong closure with little 
evidence of infection in 2 of them. In anoth- 
er, there was partial infiltration of the cloth 
in a granulomatous cavity. In 3 the orlon 
was rolled up in abscess cavities, in 1 in a 
granulomatous cavity, in 1 (11 weeks) the 
wound was nicely healed but no orlon found. 
In another (21 weeks) there was a granulo- 
ma present but no orlon. 

In the absence of infection, orlon cloth 
gave a stronger result with more infiltration 
of fibroblasts than possibly any other plastic 
used except fortisan fabric. However, it was 
unreliable in most cases in the presence of 
infection and was either extruded or found 
in an abscess or granulomatous cavity. ‘This 
observation confirms the work of Sanford, 
Riley, and Sauvage. 

Orlon thread. Eleven animals were used in 
the experiments with orlon thread. In each 
case the rectus sheath was incised on each 
side through separate skin incisions and su- 
tured on the right with interrupted sutures 
of orlon thread and on the left with inter- 
rupted sutures of No. 4-0 black silk. ‘The 
orlon thread was of a corresponding size. «\Il 
were operated upon in the nonsterile man- 
ner. ‘The animals were killed at periods of 
time varying from 2 to 32 weeks after oper i- 
tion. In 3 of the animals (6, 14, and 52 
weeks) in spite of the nonsterile technique, 
no evidence of infection on either side wis 
found at autopsy. In the 14 and 32 week a1 '- 
mals no sutures, either orlon or silk, cou d 
be found. In all the rest of the animals the:e 
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was either a sinus tract leading to a granu- 
loima or abscess around the sutures, or else 
there were buried granulomas around them. 
In 1 case, however, there was no remaining 
evidence of infection on the orlon side, and 
in another case no remaining evidence of in- 
fection on the silk side. 

‘hese experiments show that orlon thread 
behaves in about the same manner as silk in 
the presence of infection and therefore has 
no advantage over silk as a suture material. 

Polyethylene. Only 3 experiments were done 
with polyethylene, all aseptically. These an- 
imals were killed 3 weeks, 3 months, and 9 
months after operation. At 3 weeks the poly- 
ethylene was lying inert in the tissues and 
there was no fibrous reaction about it. In the 
animal killed at 3 months there was central 
scarring but very little polyethylene present. 
The third animal, which was killed at 9 
months, had become infected and had a 
draining sinus tract until the time it was 
killed. There was heavy scarring but no evi- 
dence of polyethylene. 

The polyethylene used in these experi- 
ments contained dicetyl phosphate as a plas- 
ticizer and it is the presence of the dicetyl 
phosphate which is responsible for the fi- 
brous reaction when it occurs. Brown and 
Ingraham and their associates using inert 
polyethylene got no fibrous reaction and 
found the material to be inert. It was not 
considered necessary to pursue our experi- 
ments with this material any further, not 
only because the material proved so unsatis- 
factory in the few experiments performed, 
but also because Sen and Kothare have 
found the material to be unsuitable for the 
repair of abdominal wall defects. 

Polyvinyl sponge. Seven animals were used 
in these experiments, the sponge being im- 
planted in a cavity in the groin on the right 
side in each case and a corresponding cavity 
made on the left side but not filled. ‘The ani- 
mals were killed at periods of time varying 
from 10 days to 14 weeks. In 5 of the animals 
(10 days to 6 weeks) abscesses had developed 
in which the polyvinyl sponge was floating. 
Most left side control cavities had closed. 


In 1 animal, sacrificed 9 weeks after oper- 
ation, there was no infection but excellent 
infiltration of the sponge with fibroblasts. In 
an animal killed 14 weeks after operation, 
there was no infection but nearly all of the 
sponge had been absorbed. 

These few experiments we believe indicate 
clearly that in the presence of infection poly- 
vinyl sponge would not be a satisfactory 
prosthesis in hernia repair. ‘he experiments 
were not carried far enough to determine 
how satisfactory it would be in the absence 
of infection. However, the material does 
seem to predispose to infection, and, in 1 
case without infection, nearly all of the ma- 
terial was absorbed. Schofield and his asso- 
ciates (11, 12) have had the same experience 
with the material in the presence of infection. 

Woven stainless steel mesh. ‘This material 
(Fig. 1D) is entirely different from the stain- 
less steel mesh on the market today. It is 
very loosely woven in loose throws so as to 
have very little tensile strength. ‘Twelve dogs 
were used in the experiments, 9 of which 
were operated upon aseptically and 3 by the 
nonaseptic method. 

The 9 dogs operated upon aseptically 
were killed at periods of time varying from 5 
to 23 weeks after operation. ‘There was very 
little fibrous reaction to the material and 
consequently the repair was not strong ex- 
cept in 1 instance. 

In the 3 dogs which were purposely in- 
fected, there was good healing in spite of the 
infection just as has been shown before in 
the case of the regular stainless steel mesh 
and also in the case of tantalum mesh (6). 

We believe that these experiments conclu- 
sively show that a loose weave stainless steel 
mesh of this sort is valueless in hernia repair, 
in spite of the fact that it does not cause 
trouble in the presence of infection. 

Teflon fabric. Veflon of several weaves from 
different sources was used. Some of the 
weaves are shown in Figure 1E, F, and G. 
Twenty-two dogs were used in the experi- 
ments. Only 2 of the dogs were operated 
upon aseptically as our main object was to 
find out how the fabric behaved in the pres- 
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ence of infection. Of the 2 operated on asep- 
tically, one was killed 8 weeks after opera- 
tion. There was good healing of the wound 
but it had no strength. The other was killed 
18 weeks after operation. There was no in- 
fection and also no teflon. Could it have been 
absorbed or extruded? 

The 20 dogs operated upon under non- 
sterile conditions were killed at periods of 
time varying from 2 to 18 weeks postopera- 
tively. In almost all of these there was a 
sinus tract leading to an abscess cavity in 
which the fabric was rolled up. In 3 of them, 
however, the infection was slight. ‘There was 
minimal adherence of the teflon fabric to the 
surrounding tissues in 2 of them but good 
fibroblastic infiltration in the third. 

‘These experiments show conclusively that 
teflon fabric is useless as a prosthesis in 
abdominal defects in the presence of infec- 
tion. Its value when there was no infection 
present was not demonstrated. These results 
are somewhat at variance with those re- 
ported by Harrison, although we used the 
same weave teflon in most experiments. 

Teflon and nylon cloth. Fifteen dogs were 
used in these experiments, 6 of which were 
operated upon aseptically and 9 nonasepti- 
cally. 

The 6 aseptic dogs were killed at times 
varying from 4 to 12 weeks after operation. 
There was fair infiltration of the cloth with 
fibroblasts in each case and fair strength of 
the resulting closure. 

The 9 dogs operated upon nonaseptically 
were sacrificed at times varying from 4 to 14 
weeks after operation. In all of these except 
2, there was a sinus tract leading to an ab- 
scess Cavity in which the cloth was rolled up. 
In the other 2 (5 and 8 weeks) there was no 
gross evidence of infection but the cloth was 
encapsulated without any fibroblastic infil- 
tration. 

Teflon and nylon cloth served as only a 
fair prosthesis in the absence of infection and 
was a total loss when infection was present. 

Vinyon-N cloth. Seven dogs were used in 
these experiments, 2 operated on aseptically 
and 5 nonaseptically. 


The 2 dogs operated upon under aseptic 
conditions were killed 2 weeks and 6 wecks 
after operation. There was no infiltration of 
the cloth by fibroblasts in either instance. In 
the second dog the cloth was surrounded by 
a fibrous capsule. 

The 5 infected dogs were killed at periods 
of time varying from 4 to 24 weeks after 
operation. In 3 of them (4, 5, and 6 weeks) 
the cloth was floating free in abscess cavities. 
In another (16 weeks) there was no infection 
at autopsy but no infiltration of the cloth by 
fibroblasts. In the fifth (24 weeks) there was 
no evidence of infection but good infiltration 
of the cloth by fibroblasts. 

We believe that these few experiments 
show that vinyon-N cloth is totally unfit for 
use as a prosthesis in the repair of abdominal 
wall defects. 

Marlex mesh. A recent report by Usher 
indicates very favorable results with marlex 
mesh, even in the presence of infection. We 
are using this material in dogs now and the 
early results would seem to confirm Usher's 
favorable report. It has been used in 4 clini- 
cal cases. All of these results will be reported 
as soon as we are able to draw definite con- 
clusions. 


SUMMARY 


The value of the following materials has 
been tested in order to determine their use- 
fulness as prostheses in the repair of abdomi- 
nal wall defects: dacron fabric, dacron and 
nylon cloth, fiberglas, mylar, nylon mesh, 
orlon cloth, polyethylene, polyvinyl sponge, 
loosely woven stainless steel mesh, teflon 
mesh, teflon and nylon cloth, and vinyon-N 
cloth. 

In the absence of infection orlon clot! 
showed the most promise of any of the pla-- 
tics in that it was better infiltrated wit) 
fibroblasts and gave a stronger end resu't 
than the rest of the materials. There was 
also good infiltration by fibroblasts of the 
dacron fabric, fiberglas, and nylon mesh, but 
the end results were not as strong as in the 
case of orlon cloth. 

The use of loosely woven stainless ste«| 
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mesh resulted in a very weak abdominal wall 
repair. The weave was too flimsy and there 
was very little fibroblastic reaction. 

None of these materials (except the loosely 
woven steel mesh) will withstand infection, 
and, in the case of infection, as a rule the 
implanted material was found floating in an 
abscess cavity in periods varying from 2 to 32 
wecks after implantation. The stainless steel 
caused no trouble in the presence of infection. 

‘The search for a nonmetallic suture ma- 
terial which would not give trouble in the 
presence of infection led to experiments with 
fortisan thread and orlon thread. Both of 
these gave just as much trouble in the pres- 
ence of infection as did silk. 

It should be pointed out, however, that 
occasionally good healing without infection 
occurs when most of these materials are used, 
even in the presence of gross contamination. 
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THE INDIVIDUALIZATION OF THERAPY FOR 


CERVICAL CARCINOMA IN SITU 


JAMES S. KRIEGER, M.D., F.A.C.S., and 


LAWRENCE J. McCORMACK, M.D., Cleveland, Ohio 


THE CONCEPT Of carcinoma in situ of the 
uterine cervix as a precursor of invasive 
cancer has led to the development of mass 
screening procedures for its detection. The 
morphologic term itself encompasses a 
phase in a large group of cellular variations 
ranging from frankly benign to overtly 
malignant lesions. We have found that the 
treatment of cervical carcinoma in situ can 
be individualized safely in accordance with 
the extent of the disease and its response to 
treatment. ‘These observations are based on 
experience with 124 cases of cervical carci- 
noma in situ diagnosed and treated at the 
Cleveland Clinic from January 1950 to 
January 1958. 


DIAGNOSIS OF CARCINOMA IN SITU 

The accurate diagnosis of carcinoma in 
situ is a difficult, time-consuming, and ex- 
pensive undertaking. As this lesion is not 
visible, it is most frequently detected by the 
combined efforts of clinicians and patholo- 
gists. Unfortunately, cell studies are only in 
part diagnostic and consequently indicate 
the need for further study. Thus, the exam- 
ining clinician has the further responsibility 
of providing the pathologist with adequate 
tissue specimens—both as to quality and as 
to quantity—for thorough evaluation. 

Carcinoma in situ has the histologic char- 
acteristics of invasive carcinoma without 
extending beyond the normal epithelial 
layer. Thus, by definition, it is a localized 
lesion wholly confined to the epithelium of 
the cervix. Yet, in spite of this precise cir- 
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cumscription, clinicians and _ pathologists 
are overwhelmingly in favor of sacrificing 
the entire uterus when intraepithelial carci- 
noma is diagnosed. This attitude reflects a 
basic distrust in the accuracy of pathologic 
diagnosis, and doubt concerning the possible 
implications of the disease. 

It is widely recognized that carcinoma in 
situ may coexist with invasive carcinoma, 
but to us, gland neck extension does not 
represent invasion. However, invasion is 
thought to exist when cell masses become 
irregular in size and shape, and disoriented 
from the adjoining stroma, and when en- 
dothelium-lined channels contain neoplastic 
cells. Carcinoma in situ is not always a 
clear-cut pathologic entity, and the diag- 
nosis is dependent upon individual opinion 
regarding the extent of epithelial dediffer- 
entiation, nuclear irregularity and hyper- 
chromatism, and amount and variability of 
mitotic activity. Certainly, varying degrees 
of dedifferentiation are recognized as noted 
previously (2) in squamous cell carcinoma 
of the cervix and other sites. 

Since carcinoma in situ may be confined 
to a small focus in the endocervix or may 
coexist with invasive carcinoma, cervical 
biopsy is often inadequate—a negative 
biopsy is not definitive, it excludes nothing, 
and a biopsy revealing carcinoma in siiu 
does not exclude the possibility that in- 
vasive carcinoma is present. A biopsy is 
significant only when invasive carcinoma is 
found. 

Whenever cytologic studies suggest car: i- 
noma in situ in the grossly normal cervix it is 
our practice to employ conization. It is us« d 
also for diagnosis when biopsy specimens a: e€ 
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are found to be negative for invasive carci- 
noma in the presence of a gross cervical 
lesion. 


OPERATIVE TECHNIQUE 


‘he method of conization presented herein 
follows in general those methods previously 
described by others, but it differs in respect 
to the extent of excision of tissue and of 
cauterization. As a result, we have chosen 
to designate our procedure as a “radical” 
conization (Fig. 1). 

‘This operation is carried out in the hospi- 
tal, under general anesthesia. Preliminary 
trauma to the cervix such as that imposed 
by a vigorous vaginal preparation or a 
cervical dilatation is meticulously avoided. 
A No. 10 knife is used. By starting at the 
3 o’clock position—holding the knife at a 
constant angle to the axis of the cervical 
canal (Fig. 1A)—and by employing a 
Scanzoni-like maneuver, a cone-shaped 
specimen of cervix is removed. The size of 
the specimen is dependent somewhat on the 
size of the cervix. Care is taken to extend the 
excision as high into the cervical canal as is 
practicable, since the lesion often shows 
greater histopathologic changes in that area. 
The excision is done in a clockwise direction 
in order to avoid obscuring the operative 
field with blood. A second conization (Fig. 
1B) is immediately performed by using the 
Heyman loop and the Bovie electrocautery 
unit. This conization is carried out for the 
purpose of leveling off the conization bed 
and of extending further the tissue excision. 
Final hemostasis is effected with a ballpoint 
(Fig. 1C) by employing vigorous and com- 
plete cauterization throughout the entire 
conization area, reaching up to the internal 
os and extending out to the surface of the 
cervix. Following this procedure, a dilata- 
tion and curettage is performed. Each 
conization specimen (Fig. 2) is reduced to 
scrial blocks (Fig. 3), and from each of these 
biocks representative microscopic sections 
are prepared. An attempt is made to obtain 
a! least 12 blocks from each of these speci- 
liens. 


Fic. 1. Steps in radical conization: A, sharp knife 
conization; B, cautery conization; C, coagulation. 


AN APPROACH TO TREATMENT 

Until late in 1952, it was our practice to 
use the conization just described for diag- 
nosis. Following a delay of 6 weeks—a 
period of time arbitrarily selected to allow 
for cervical healing—a hysterectomy was 
performed. Study of the excised cervix re- 
vealed that in most of the specimens there 
was no residual carcinoma in situ. In cer- 
tain patients in whom hysterectomy was 
contraindicated because of coexistent medi- 
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Fic. 2. Conization specimens: A, cautery specimen; 
B, cold knife specimen. 
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Fic. 3. Conization specimens reduced to serial blocks. 


cal disease, conization was used for treat- 
ment as well as for diagnosis. 

Since 1952 we have used radical coniza- 
tion for diagnosis and treatment, provided 
that: (1) cervical patency can be maintained 
after conization; (2) serial cytologic studies 
are negative for tumor cells; (3) there is no 
other uterine or adnexal pathologic lesion 
necessitating laparotomy. Follow-up cell 
studies are made after cervical healing 
(usually at 6 weeks), 3 months, 6 months, 
and yearly thereafter. ‘Thus, the only incon- 
venience to the patient is the process of 
having 3 examinations during the first 
postconization year. Thereafter she is on the 
optimal schedule suggested for all women. 
RESULTS OF THERAPY 

‘Two groups of patients are available for 
analysis: (1) those patients who had radical 
conization followed in 6 weeks by hysterec- 
tomy; and (2) those patients who were 
treated by radical conization with system- 
atic cytologic follow-up studies. From 
January 1950 to January 1958, 143 patients 
were seen who were diagnosed as having 
cervical carcinoma in situ. Excluding the 
patients who were seen in consultation only 
or who were treated in other ways, there are 
124 patients in the study group. 

In group 1, those patients who under- 
went conization and hysterectomy, there 
were 37 patients (2 patients had carcinoma 


in situ in the cervical stump and were 
treated with conization and cervicectomy), 
In this group, 33 patients had no residual 
disease after conization, while had 
evidence of persistent carcinoma in situ. In 
3 of these patients hysterectomy was per- 
formed because of unusually extensive dis- 
ease in the conization specimen: In 1 in- 
stance the lesion was present in all blocks; 
in 1 a multicentric lesion was present; in 1 
the lesion was noted in curettings. In the 
fourth instance, a microfocus was found in 1 
block in the residual specimen. No _post- 
conization cytologic studies were done in 
this group of patients. 

In group 2, 87 patients had radical coni- 
zation both for diagnosis and for treatment. 
Seventy-nine patients have been observed 
for from 6 months to 8 years; 8 have been 
lost to follow-up study. Fifteen patients 
have been followed up for more than 5 
years, 20 patients for more than 3 but less 
than 5 years, and 44 patients for less than 3 
years. Cervical spreads have been negative 
for neoplastic cells repeatedly in all but 2 
instances. In 1 of these patients, atypical 
cells persisted despite 2 conizations. Be- 
cause of this finding hysterectomy was per- 
formed. The source of these cells was not 
found. In the other patient, dysplastic cells 
have been demonstrated on the last 3 
examinations, 3 years after conization. ‘This 
patient may ultimately be advised to under- 
go hysterectomy. 


COMPLICATIONS AFTER THERAPY 


There have been few complications with 
extensive conization. Troublesome bleeding 
from cutting into the cervix (Fig. 4) is oc- 
casionally noted at operation. Hemostatic 
sutures at 3 and at 9 o’clock positions geii- 
erally will control hemorrhages. 

Extensive cauterization would seem '0 
predispose to late postconization bleedin 2 
(10 to 12 days). However, we have not e»- 
perienced this complication in the prese: t 
group of patients, but have seen it o- 
casionally after other conizations. We b: - 
lieve that the use of an antibacterial or 1 
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bacteriostatic preparation in the form of 
vaginal instillations or suppositories de- 
creases infection, slough, and secondary 
bleeding. Consequently, we have been 
using nitrofurazone suppositories as stand- 
ard treatment for several years. Patients are 
advised to use 1 suppository each night for 
the first 12 nights after conization. Gener- 
ally, when bleeding occurs, it can be con- 
trolled with local nasal-tip cauterization or 
packing. 

Cervical stenosis or closure may also 
occur. There have been 6 instances in the 
patients who underwent conization. Four of 
them were treated in the office by incision 
and dilatation, and 2 were treated in the 
hospital under anesthesia. The result in 1 
patient was unsuccessful, and hysterectomy 
therefore was performed; no residual lesion 
was found in the excised cervix. The use of 
bacteriocidal agents undoubtedly decreases 
the instances of stenosis, which is less apt to 
occur in menstruant than in postmeno- 
pausal women. When cervical obstruction 
occurs early, it generally is confined to the 
external os, and simple incision and dilata- 
tion will correct the situation. Late stenosis 
generally involves narrowing of the entire 
cervical canal and presents a condition that 
requires dilatation under anesthesia. When 
this is unsuccessful, hysterectomy is indi- 
cated, 

One vesicovaginal fistula resulted from an 
overly zealous conization in a patient with 
considerable vaginal relaxation. Healing was 
uneventful after transvaginal repair. 


COMMENT 

On the basis of our experience we are 
satisfied that, with available techniques, 
therapy for carcinoma in situ can be indi- 
vidualized and local treatment can be em- 
ployed in most instances. Carcinoma in situ 
is a specialized problem that requires all of 
the facilities used in diagnosing and treat- 
inv major cancers. The success of treatment 
is dependent on close liaison between the 
clinician and the pathologist: the one to 
provide adequate specimens for study, the 


Fic. 4. Cervical lacerations following imperfect sharp 
knife conization. 


other to provide highly accurate cytologic 
and histologic reports. In no way are we at- 
tempting to minimize the problem pre- 
sented by carcinoma in situ, but instead are 
suggesting an approach that allows indi- 
vidualization of therapy based on the extent 
and character of the disease rather than the 
factors such as the patient’s age or general 
health. If a young woman can be treated 
safely with conization and allowed to have 
children, certainly those older women with 
a shorter life expectancy and no predictable 
cause for cervical trauma can be treated 
conservatively with greater safety. 


[Radical conization] 
Serial blocks 


| Carcinoma 

carcinoma situ 

Conventional Cytologic study 

| 


on healing - 6 wks 


Negative Positive 

cytology cytology 
Followed at 3 mo. | _ _ _ Hysterectomy and 
6 mo., & yearly upper vaginectomy 
thereafter 


Fic. 5. Carcinoma in situ: diagnosis and treatment. 
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Cytologic studies are generally employed 
to detect the disease initially, while coniza- 
tion is necessary in many cases to establish 
the diagnosis of carcinoma in situ, and in all 
cases to establish whether or not there is co- 
existent invasive carcinoma. Consequently, 
after conization has been performed and 
cervical healing has occurred, it seems 
reasonable to employ cytologic methods to 
determine the effectiveness of conization in 
eradicating the original lesion (Fig. 5). 

Our conclusions regarding the effective- 
ness of conization are contrary to those re- 
ported by Scott and Reagan. In their analy- 
sis of data of 100 patients treated with 
conization and hysterectomy, 32.6 per cent 
of the patients had residual carcinoma in 
situ at the time of hysterectomy. Peightal 
and associates reported a 10.2 per cent in- 
cidence of residual carcinoma in situ at the 
time of hysterectomy. Technical factors un- 
doubtedly contribute to this variance. 

Objections to conservative or conization 
therapy for carcinoma in situ often are 
raised on the basis of unavailability, inade- 
quacy, or unreliability of cytologic or histo- 
logic facilities. The adequate treatment of 
any neoplasm is dependent on thorough 
support of the clinician by the pathologist. 
If facilities are inadequate to follow up 
treated patients, they are inadequate for 
diagnosis; to extend blindly therapeutic ef- 
forts to compensate for unreliable pathologic 
evaluation of tissue is a two-edged sword. 

The greatest stumbling block to the con- 
servative treatment of carcinoma in situ has 
to do with semantics in that the term “‘car- 
cinoma’”’ arouses fear in the minds of lay 
persons and physicians alike. There is, of 
course, a definite risk in undertreating car- 
cinoma but, at present, we do not under- 
stand exactly what carcinoma in situ is, or 
what its true potential may be. Most of our 
conclusions today regarding the malignant 
potential of this lesion are based on retro- 
spective observations that, by association, 
may well only be implications (1). 

Hysterectomy has been proposed and has 
been thought to be justified for treating 


carcinoma in situ, out of a fear that ‘his 
lesion may be incompletely removed by 
conization or that coexistent invasive carci- 
noma may be overlooked. Carcinoma in 
situ never constitutes a therapeutic emer- 
gency, and consequently the completeness 
or incompleteness with which the lesion has 
been removed can be assessed safely over a 
period of time. If invasive carcinoma is 
present and has been overlooked in the 
histologic evaluation of the conization 
specimen, simple total hysterectomy or even 
“wide” hysterectomy with upper vaginec- 
tomy may not constitute optimal therapy— 
in fact, it may even definitely compromise 
the patient’s future well-being. The fact that 
hysterectomy has been successfully used in 
treating carcinoma in situ suggests that 
either invasive carcinoma occurs relatively 
infrequently, or microscopic invasion when 
present can be treated successfully with 
lesser procedures than generally are consid- 
ered indicated. Anyway, removal of the uter- 
ine fundus for a primary cervical lesion does 
not add much to the patient’s protection. 


SUMMARY 


An analysis of experience gained in the 
treatment of 124 cases of cervical carcinoma 
in situ suggests that treatment of this condi- 
tion can safely be individualized on the 
basis of the patient’s disease and her re- 
sponse to therapy. In most cases, radical 
conization would seem to suffice for diagno- 
sis and treatment, provided rigid criteria are 
followed. The method of conization and tis- 
sue preparation is described. A graded ap- 
proach to therapy is outlined. 
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NONMALIGNANT ANORECTAL STRICTURES 


A. E. KARK, F.R.C.S.(Eng.), A. E. EPSTEIN, F.R.C.S.(Eng.), and 
D. S. CHAPMAN, F.R.C.S.(Eng.), Durban, Union of South Africa 


NoONMALIGNANT STRICTURES of the rectum 
and anal canal are relatively common in the 
nonwhite population of South Africa. In the 
early years of this century such strictures 
were held to be due to postoperative sepsis, 
syphilis, and gonorrhea. Since 1928 when 
Frei described the rectal lesions in lympho- 
granuloma inguinale, this venereal disease 
has been emphasized as the chief inflamma- 
tory cause of rectal stricture formation. 
Lymphogranuloma however is irregular in 
its geographic distribution and few cases are 
seen at this hospital or in the venereal dis- 
ease department. Strictures of the colon and 
the rectosigmoid region frequently share the 
same pathologic basis as rectal lesions; the 
symptoms of the former, however, are 
dissimilar and are more satisfactorily treated. 

In the nonwhite patients seen in Natal 
the majority of anal and rectal strictures are 
due to tropical infections, trauma, and non- 
venereal inflammatory conditions. 


CLINICAL OBSERVATIONS 


Forty-five strictures of the anorectal region 
have been seen in the past 5 years in King 
Edward VIII Hospital, Durban. Thirty- 
eight patients were Africans of whom 22 
were women and 16 men; and 7 were In- 
dians of whom 5 were men and 2 women. 
Young adults were mainly affected, but 
strictures also occurred in children follow- 
ing repair of an imperforate anus, and in the 
elderly. 

‘The local symptoms of anorectal strictures 
are: (a) Difficulty in defecation. This occurs 
usually with smooth strictures following 
hemorrhoidectomy or obstetric trauma. 
Tle symptoms are progressive, with pipe- 
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stem stools, rectal fullness and chronic con- 
stipation alternating with attacks of di- 
arrhea. (b) Rectal bleeding and discharge. 
Inflammatory strictures are preceded by an 
acute or subacute episode of diarrhea with 
blood, mucus, pus, tenesmus, and sometimes 
pain. The discharge becomes progressively 
worse because of the associated proctitis. 
Even when the stricture is fully developed 
there is usually increased frequency of defe- 
cation, and ineffectual watery stools are 
passed. (c) Perianal suppuration and proc- 
titis. Perianal fistulas increase the local dis- 
charge, and fecal leakage may be caused by 
a patulous sphincter or a_rectovaginal 
fistula. Incontinence may occur if the stric- 
ture involves the anal sphincter, in which 
case control may be lost because of impacted 
fecal masses; escape of mucus then becomes 
involuntary and continuous. 

Strictures following congenital malforma- 
tion may be present as neonatal stenosis of 
the anal canal or, more commonly, at the 
age of 1 or 2 years, as tubular strictures from 
the anal margin to the lower rectum follow- 
ing operative repair of anorectal atresia. 
One infant with constipation, thin stools, 
and lower abdominal pain had a long tight 
stricture following a perineal repair for an 
imperforate anus, and responded well to 
regular dilatation; another with similar 
findings died shortly after admission from 
tuberculosis. 

Six anal strictures followed hemorrhoid- 
ectomy performed from 1 month to 7 years 
previously. Those patients operated upon 
some years before had tight anal strictures 
just admitting the tip of the finger, and all 
responded to regular dilatation with a fin- 
ger or Hegar’s dilators. 

Strictures following parturition develop 5 
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to 7 centimeters from the anal margin in the 
ampulla. Characteristically the mucosa and 
supporting rectal wall are normal. Symp- 
toms include dyschezia, pain on defecation, 
watery diarrhea, and dyspareunia. In 3 pa- 
tients strictures developed following ob- 
stetric trauma 2 of which were in the anal 
canal and the third in the lower rectum at 
5 centimeters with a rectovaginal fistula and 
localized induration. 

No strictures followed anorectal suppura- 
tion despite the great frequency of low and 
high level fistulas in this community. 

Two cases were diagnosed as tuberculous 
strictures. One woman had a granulomatous 
polypoid mass at 11 centimeters causing 
narrowing of the lumen and a firm stricture 
at 16 centimeters. She complained of lower 
abdominal pain and constipation but had no 
history of dysentery. Biopsy of the granuloma 
showed tubercle bacilli and on antitubercu- 
lous treatment the granuloma reduced rap- 
idly in size while the lumen of the stricture 
remained the size of a finger. The other had 
a tight anal stricture and_ tuberculous 
arthritis of the elbow. Both Wassermann re- 
action and Frei tests were negative and she 
had no history nor symptoms of amebic 
dysentery. Biopsy of the stricture showed in- 
flammatory cells but no tubercle bacilli. 
During a course of antituberculous treat- 
ment she voluntarily discharged herself and 
at this stage the anal canal admitted 1 finger 
but was still painful. 

A schistosomal proctitis is accompanied 
by irregular granular areas, sessile papillo- 
mas, and ulceration, with a discharge of 
blood, mucus, and pus. Four patients were 
seen with these rectal lesions but no true 
stricture formation. In 2 other patients the 
stricture was thought to be schistosomal in 
origin, but neither biopsy nor stool exami- 
nation were proof of this. Anal lesions simi- 
lar to schistosomal papillomas were noted in 
both, and one, an Indian man, had a firm 
annular stricture involving half of the an- 
terior wall of the lower rectum just above the 
anorectal ring. 

Five patients could not be classified as to 


etiology. All on biopsy showed nonspecific 
inflammatory changes with eosiniphilia and 
plasma cell infiltration. Four occurred in 
African women with no previous dysentcric 
history nor any response to emetine. ‘Ihe 
fifth case, an African girl of 8 years, liad 
obstructive symptoms and a tight anal 
stricture. All investigations were negative 
except for a doubtful positive Frei test. 
Neither emetine nor chloromycetin had any 
effect and internal proctotomy helped only 
temporarily. One patient was classed as un- 
known of noninflammatory origin. This 
young Indian woman complained of in- 
creasing constipation for 3 months with a 
soft diaphragm at 10 centimeters which was 
opened by internal proctotomy. She had not 
had dysentery and all investigations were 
negative. The thin narrowed rim might have 
represented a congenital remnant. 

Other nonspecific inflammatory causes of 
rectal stricture such as Crohn’s disease, ul- 
cerative colitis, and diverticulitis are not 
represented in this series. ‘These 3 diseases 
are rarely seen in the African population 
and only very occasionally in Indians. 

The earliest sign of rectal involvement by 
lymphogranuloma inguinale is a proctitis 
with the passage of blood and pus, and the 
majority give rise to stricture formation 
which unless treated progresses relentlessly. 
An African woman of 26 years complained of 
difficulty on defecation and thin watery 
stools for 8 months but no history of dysen- 
tery. She had scarred groins and a craggy 
dense tubular stricture of the rectum start- 
ing at 6 centimeters with 3 perianal and a 
rectovaginal fistula. Result of a Frei test on 
2 occasions was positive, and biopsy showed 
a nonspecific inflammatory reaction. She 
was treated with aureomycin but left tie 
hospital shortly afterward. This patient 
constitutes the only definite case of lymp!0- 
granuloma inguinale in this series. In «n- 
other patient with multiple perianal fistu’as 
and a hard annular stricture of the ai al 
canal no Frei test was done; this represe: ts 
the only other instance of clinical featu: es 
resembling lymphogranuloma. 
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CLINICAL FEATURES OF STRICTURES ASSOCI- 
ATED WITH AMEBIASIS 

The 24 strictures associated with amebia- 
sis occurred with 1 exception in African pa- 
tients. Twenty-one had similar clinical fea- 
tures and occurred in patients with a clear 
history of recent and repeated attacks of 
moderate or severe dysentery. The ma- 


jority of these gave a history of 3 to 12 


months of chronic dysentery, and some pa- 
tients, on admission, were suffering from an 
exacerbation of symptoms. ‘Two patients, 
however, had amebic dysentery of recent 
origin with no history of previous attacks. 
Indian patients contract a form of dysentery 
more akin to that of the white patient, rarely 
the acute fulminating form of the disease. 
Of the 7 strictures in Indians, 1 had a his- 
tory of previous attacks and responded to 
antiamebic treatment. While 60 per cent of 
all the strictures in Africans occurred in 
women, the strictures associated with amebi- 
asis occurred significantly more often in men, 
13 of 16 compared with 10 of 22 women. 

‘Twenty strictures occurred in the rectum 
and 4 in the anal canal. Diarrhea was an in- 
variable complaint, usually with blood and 
mucus in the stool. Abdominal pain, usually 
in the left iliac fossa, was present in three- 
quarters of the patients, and in some cases 
was the main reason for admission to hos- 
pital. There were occasional complaints of 
thin stools or a purulent rectal discharge. 
Associated perianal suppuration or fistula 
formation was surprisingly uncommon, one 
man only having 2 perianal fistulas and a 
woman, a rectovaginal fistula. Three patients 
had associated strictures of the colon or 
reciosigmoid region. 

Seventeen of the 24 patients had proved 
amebic dysentery 12 of whom had repeated 
positive stools, 1 amebae in the tissues, 2 
positive scrapings from the ulcers although 
stools were negative, and 2 instances were 
proved at necropsy. The remaining 7 pa- 
tients had negative stools, or unidentifiable 
forins of Entamoeba were found. On the 
bas's of their history of dysentery, symptoms, 
anc appearance of the rectal mucosa, a 


Fic. 1. Two annular amebic strictures in the descending 
and sigmoid colon between which is a perforation. The 
rectal stricture was of similar appearance some inches 
below. 


clinical diagnosis of amebic dysentery was 
made, and all were treated successfully with 
emetine with or without diiodohydroxy- 
quinoline. In only half of the cases of amebic 
strictures was a Wassermann reaction done. 
One was positive, but this patient had no 
other syphilitic stigmas at necropsy. The 
Frei test was not routinely undertaken as 
there was difficulty in obtaining satisfactory 
antigen, but was done when other features 
of lymphogranuloma inguinale were present 
or when the disease was suspected clinically. 
In only 3 cases were amebic strictures sub- 
mitted to a Frei test, and ail were negative. 

In 7 patients, observations of the clinical 
progress of the local lesion were interrupted 
by death, defaulting, or proximal drainage 
of the bowel. ‘Two patients died and necropsy 
showed typical amebic lesions. ‘The first had 
a perforated descending colon which oc- 
curred between 2 adjacent diaphragmatic 
strictures (Fig. 1). The diaphragmatic rectal 
lesion at 10 centimeters had small amebic 
ulcers above the stricture which itself was 
sharp-edged and tight, splitting easily on 
pressure during preoperative examination. 
Biopsy of this area showed a nonspecific in- 
flammatory reaction with widespread in- 
filtration of eosinophils and plasma cells. The 
second had amebiasis of the colon and a 
smooth annular area of fibrosis at 10 centi- 
meters in the rectum. Two patients left the 
hospital shortly after admission, 1 during a 
course of emetine treatment, and did not 
attend again. Iwo patients after antiamebic 
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Fic. 2. a, Roentgenogram showing long, smooth, amebic stricture with central lumen. b, Irregu- 
lar lumen with overhanging edges and a filling defect due to neoplasm. 


treatment continued to have frequent watery 
stools, and a colostomy was done in an at- 
tempt to alleviate the condition. In both, 
the colostomy prolapsed and in one the 
stricture progressed to form a_ tubular 
stenosis 5 centimeters long. In a third pa- 
tient, after emetine had not helped the local 
rectal lesion, a colostomy was performed 
followed by excision of the rectum and re- 
anastomosis. ‘Two patients were first seen 
with acute amebic dysentery. In each a 
stricture was present, one diaphragmatic and 
one an irregular annular narrowing. Within 
3 weeks both these acute strictures had al- 
most completely resolved. A sigmoidoscope 
could be passed easily for the first time after 
2 weeks and a normal pale mucosa was seen, 
indicating a healed lesion. 

The remaining 15 cases were observed for 
periods varying from 1 month to 2 years. 
Ten patients had proved amebic dysentery 
and in 5 the diagnosis was made clinically. 


Of the proved cases 5 strictures remained 
tight, but the patients were asymptomatic 
after dilatation permitting their discharge 
from the hospital. ‘The remaining 5 strictures 
became soft and pliable and responded well 
to finger dilatation. Of the amebic strictures 
diagnosed clinically 3 remained tight and 
firm and 2 became pliable, with little re- 
sidual thickening surrounding the narrowed 
area. The passage of pus, slime, and blood 
was little diminished by antiamebic treat- 
ment when an intractable chronic stricture 
had formed, unless it was repeatedly dilated. 

The commonest site for amebic strictures 
was the lower rectum, 6 to 10 centime'ers 
from the anal margin. Two-thirds of ‘he 
rectal strictures were annular and one-t!ird 
tubular; 2 anal strictures were annular «nd 
2 diaphragmatic. The lumen of the strict ire 
was usually sufficient to admit the tip of ‘he 
finger but was on occasion reduced to pei cil 
width. Inflammatory changes were notec in 
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Fic. 3. The distribution of strictures in the rectum, left, and anal canal, right. a, All strictures. 


b, Amebic strictures. o= male; e=female. 


the bowel wall below the stricture, and 
sometimes On x-ray examination spasm or 
narrowing was seen above the stricture. 
Strictures of recent occurrence presented as 
soft, granular, and friable lesions; the long- 
established stricture was tight, firm, and 
bled on attempted dilatation. Clinical ame- 
bic dysentery was often present. Biopsy 
showed granulation tissue with moderate or 
marked infiltration of plasma cells, lympho- 
cytes, and eosinophils—a nonspecific inflam- 
matory picture with fibrosis and ulceration. 


IN\ ESTIGATION OF ANORECTAL STRICTURES 


‘)igital examination provides an estimate 
of ‘ength, size of the lumen, and the degree 


of perirectal fibrosis; and the amount of pus 
and blood on the finger indicates the degree 
ofaccompanying proctitis. A patuloussphinc- 
ter is common with a severe rectal stricture, 
and if the lesion is low, examination may be 
impossible without anesthesia because of 
pain and tenderness A child’s sigmoido- 
scope, if it passes, should be used to visualize 
the appearance of the mucosa above and 
below the constriction. 

A barium enema is advisable if multiple 
strictures are suspected. A long or annular 
stricture with a central lumen and smooth 
outline on x-ray examination is more likely 
to be a benign inflammatory one (Fig. 2a) 
and contrasts with the characteristic fea- 
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tures of neoplastic strictures with overhang- 
ing edges, eccentric lumen, and filling de- 
fects (Fig. 2b). The early changes of lympho- 
granuloma produce a saw-tooth edge ap- 
pearance and finally a stenosis resembling 
the string appearance of Crohn’s disease. 
Laboratory investigations should include 
examination of the stool, smears of pus and 
scrapings from rectal ulcers for parasites, 
the Frei test, a Wassermann reaction, and 
finally a biopsy to exclude malignancy. The 
test for lymphogranuloma inguinale with 
yolk sac antigen usually remains positive for 
life and is highly specific for this disease. 


DISCUSSION 


A stricture is defined as a constriction of a 
canal or tube by changes outside or in the 
wall. Strictures may be diaphragmatic, 
annular, cylindric, funnel-shaped, or irregu- 
lar in shape and length. The term dia- 
phragmatic indicates a thin constricting 
band of tissue which, if it does not encompass 
the lumen, is described as crescentic. An 
annular stricture has arbitrarily been de- 
fined as a broad band no longer than 2 
centimeters, and a tubular stricture, an area 
of stenosis longer than 2 centimeters. In this 
series two-thirds of both rectal and anal 
strictures were annular, the diaphragmatic 
and tubular forms being nearly equally di- 
vided among the remainder. Two-thirds of 
the rectal strictures occurred 8 to 10 centi- 
meters above the anal margin while the re- 
mainder lay 5 to 7 centimeters from it or 
just above the anorectal ring (Fig. 3). 

A rectal stricture is due to fibrous replace- 
ment of muscle wall and mucosa. Early 
changes usually take place in the rectal wall 
and perirectal tissues. The mucous mem- 
brane may not be affected until the stricture 
has formed and diminished the lumen of the 
bowel, but in those associated with amebi- 
asis ulceration of the mucosa appears to 
initiate the stricture formation. 

As the stricture narrows, obstructive symp- 
toms due to fecal masses may develop, and 
stercoral ulcers form which are liable to 
perforate. When strictures involve the whole 


circumference, bands of fibrosis occur in ihe 
muscle, and tunnels from below or above 
the stricture tend to lead outward to form 
perianal abscesses or fistulas. Instead of 
annular stricture formation, narrowing by 
hard polypoid excrescences may develop at 
several points, and may protrude through 
the anus on stalks; skin tags, fibromas, or 
keloids occur, particularly in lymphogranu- 
loma inguinale. It is stressed that clinically 
recognizable stricture formation may occur 
in the acute or subacute phase of amebic 
proctitis, and excess proliferative inflamma- 
tory tissue may cause marked narrowing 
where fibrosis is at a minimum (Fig. 4). 
Traumatic § strictures, postoperative or 
postobstetric, tend to be short and annular 
and the former used to be a not uncommon 
sequel of hemorrhoidectomy, lying 3 to 4 
centimeters above the anus. Occasionally, a 
long undilatable tight stricture may follow 
injudicious phenol injections into hemor- 
rhoids. Irradiation injuries of the rectum 
following treatment of cervical carcinoma 
are long and narrow with considerable peri- 
proctitis, but do not as a rule produce symp- 
toms provided the stools are kept soft. A 
postoperative smooth fibrous stricture may 
give symptoms so mild that regular doses of 
liquid paraffin allow a soft stool through a 
lumen not admitting a finger tip. Such 
strictures may be found only accidentally. 
Lockhart-Mummery (12) attributed rec- 
tal strictures most commonly to septic ul- 
ceration which produced considerable de- 
struction and contraction of the fibrous tis- 
sue. This condition frequently followed rec- 
tal operations and the use of unwashed 
enema nozzles or ungloved fingers in suc- 
cessive patients. So common was this that 
he recalled the partial demolition of St. 
Marks Hospital on the assumption that tie 
wards harbored infection. Asepsis and t:¢ 
modern operations for hemorrhoids hae 
reduced this complication to a rarity. 
Lockhart-Mummery (11, 12) was amo: 
the first to insist that syphilis rarely if evr 
caused a rectal stricture. He comment d 
that up to 1900 it was customary to ascri'¢ 
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to syphilis most of the chronic lesions of the 
body of uncertain origin. It is of interest 
that the most convincing evidence which he 
quoted to the effect that syphilis could in fact 
produce a stricture was based on 5 cases re- 
ported by Gray from Nigeria. ‘These patients 
had proved amebic dysentery and syphilis, 
and the lesions disappeared completely with 
antisyphilitic treatment and emetine. In the 
light of the experiences reported here these 
strictures were more likely to have been due 
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to amebiasis than syphilis. Norbury (18, 19) 
maintains that because rectal strictures occur 
more frequently in women, those occurring 
in syphilitic patients are due to chronic ul- 
ceration and sepsis resulting from the easy 
access to the rectum of vaginal discharges. 
‘There is no conclusive evidence that syphilis 
causes these strictures, and antisyphilitic 
treatment has not been found effective. ‘The 
Wassermann reaction was found to be posi- 
tive in only 2 patients in this series, neither 
of whom had other signs of the disease. Ap- 
proximately 1 in 30 of the African popula- 
tion in this hospital is found to have a 
positive Wassermann reaction, yet the asso- 
ciation of rectal strictures with other mani- 
festations of this disease has not been re- 
corded. 

Gonorrhea is a widespread disease in 
Africans of both sexes. In some cases in 
this series a history of a urethral discharge 
was obtained, but in no instance was there 
clear clinical evidence of chronic gonorrheal 
infection or other manifestations of the 
disease. However, it cannot be excluded as a 
cause in those women in whom no other 
cause could be found. Gonorrheal proctitis 
is a well recognized lesion, and gonorrhea is 
widely regarded as a cause of stricture. It has 
been suggested that because of the higher 
incidence of stricture in women the rectal 
lesion is due to spread of the vaginal dis- 
charge. It is surprising that seldom if ever is 
the anus or anal canal the site of such a 
stricture when this area rather than the 
rectum is constantly exposed to mild traumas 
and would seem more susceptible than the 
rectum to infected discharges. 


Fic. 4. Diagrammatic representation of the formation 
of amebic strictures. 


Lymphogranuloma inguinale as a cause 
of rectal stricture was only fully described 
by Bensaude and Lambling in 1936. Lymph- 
ogranuloma presents itself clinically in 3 
forms: the inguinal variety almost exclu- 
sively in the male, the genital variety with 
edema and ulceration usually in women, 
while esthiomene, the anorectal form asso- 
ciated with genital manifestations, occurs 
predominantly in women. In males, infec- 
tion of the rectum is most frequently by 
direct implantation or sodomy, and stric- 
tures and proctitis occur approximately 
equally. Infection in the female, in whom 
strictures are much the commonest com- 
plication, is considered by Hawe (9) and 
Bensaude to occur by a deep pelvic lym- 
phangitis with minimal mucosal involvement. 
Miles, however, believes that spread is by 
spill from the vagina or direct inoculation 
of the mucosa. The reaction is a massive in- 
flammation which later organizes into a 
stricture. Those strictures seen without proc- 
titis usually show a loss of mucosa and 
fibrosis throughout the rectal wall indicating 
a “burnt-out” proctitis. Narrowing starts 3 
to 5 centimeters above the anal margin, the 
canal itself being thickened and inflamed. 
The stricture is smooth and atrophic and 
may split on inserting the finger with the 
feeling of entering the center of a cored 
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onion, dense, fibrous, and rubbery. Dis- 
charging perianal fistulas and condylomas 
complete the clinical picture. On x-ray ex- 
amination the stricture is usually 8 or more 
centimeters in length and may extend in- 
to the colon. 

While lymphogranuloma inguinale is a 
proved virus disease with a highly specific 
diagnostic test and an excellent response to 
broad spectrum antibiotics, Crook has em- 
phasized its resemblance to both ulcerative 
colitis and regional ileitis. In the former the 
inflammatory process in the mucosa leads to 
ulceration and pseudopolyposis, and Bargen 
reported an incidence of 8.5 per cent of rec- 
tal and colonic strictures. Regional ileitis 
starts as an inflammatory change in the 
mucosa and submucosa with generalized 
thickening of all coats of the bowel and a 
boggy mesentery. In lymphogranuloma the 
mucosa and submucosa are affected with 
healthy intervening areas similar to that 
seen in both the other conditions. In their 
early stages there is great similarity between 
these 3 diseases but differences appear later 
in their progress. 

Once the typical and characteristic disease 
pattern of lymphogranuloma was described 
the cause of the majority of previously un- 
diagnosed strictures was clear. But lympho- 
granuloma is by no means a universally com- 
mon cause of rectal strictures, occurring 
mainly in the Negro races, and especially 
common in Jamaica; in the United States it 
is twice as frequent in Negroes as in the 
white population. In South Africa, however, 
it occurs only sporadically in Africans, the 
total incidence being very low; 10 to 20 
cases a year are seen in this clinic. 

Amebic dysentery as a cause of stricture 
has been previously regarded as ‘“‘definitely 
not occurring unless secondarily infected” by 
Lockhart-Mummery (12) or with ‘“‘con- 
siderable reserve in assigning any importance 
to it” by Gabriel. Manson-Bahr stated that 
‘amoebic dysentery does not in my opinion 
ever produce actual stricture of the bowel, 
but occasionally it may produce a localized 
obstruction by forming localized hyperplas- 


tic outgrowths, resembling a tumour.”’ Hawe 
(8) reviewing his experience in an Indian 
General Hospital during the last World War 
stated that “‘contrary to earlier opinion the 
view is now held that amoebic dysentery 
rarely causes fibrous stricture,” a view in 
accord with that of Sir Leonard Rogers. On 
the other hand, he stressed the wide range of 
pathologic conditions that amebiasis causes 
in the rectum, including polypoid growths, 
fistulas, and lesions simulating neoplasms. 
Meleney and Lynch, discussing the path- 
ology of amebiasis of the colon, reported that 
after previous infection the thickening and 
fibrosis are permanent but made no men- 
tion of the rectal condition. Spicknall and 
Pierce, discussing amebic granuloma, de- 
scribed 1 case of an annular fixed lesion with 
less than finger tip lumen occurring at 7 
centimeters from the anal margin. 

Hillemand, Bensaude, and Bru mentioned 
that 11 cases of amebic rectal stricture were 
recorded up to 1928. They pointed out that 
with the recognition of lymphogranuloma 
inguinale all inflammatory rectal strictures 
were ascribed to this disease until the Frei 
test was available to separate the non- 
lymphogranuloma strictures. These authors 
reported 2 strictures in 1,200 cases of amebic 
dysentery. The first patient had had recur- 
rent attacks of amebic dysentery for 18 years 
and then 5 years later a supple 2 centimeter 
long stricture developed at 7 centimeters and 
narrowing at the rectosigmoid junction. 
Results of the stool examination and Frei 
test were negative. The second case was seen 
after an attack of amebic dysentery with 2 
ulcers at 7 centimeters and a definite diminu- 
tion of the caliber of the rectum. Nicolas 
and associates and Travassos reported 1 and 
2 cases of amebic strictures respectively. 

In reviewing the experience at this hos- 
pital it was apparent that neither the older 
nor the newer venereal diseases explained 
the common type of stricture encountered. 
In an endemic amebiasis area where 2,500 
cases of amebiasis are seen yearly, 24 stric- 
tures of the anorectal region have been seen 
in 5 years in the surgical division of the 
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hospital (according to Wilmot 32 rectal 
strictures were seen in a 3 year period in the 
medical division) which have clinical fea- 
tures of amebic lesions. The majority oc- 
curred in men, a feature consistent with the 
higher proportion of men suffering from 
acute amebiasis. Clark and d’Antoni have 
shown that the order of frequency of in- 
volvement of segments of the large bowel by 
amebiasis is cecum, ascending colon, rectum, 
sigmoid, appendix, splenic flexure, and 
hepatic flexure, while Manson-Bahr con- 
siders that 80 per cent of all amebic bowel 
infections appear first in the rectum. 

The penetration of the mucosa by the 
Entamoeba histolytica is followed by sub- 
mucosal spread and is at first attended by 
little cellular response, a few polymorpho- 
nuclear cells and monocytes being found in 
the lesions. When the spread continues and 
bacteria gain access the lesion takes on the 
appearance of a pyogenic abscess. ‘The 
muscle coats offer a temporary barrier until 
spread occurs in this layer and further 
edema and ulceration occur. On proctos- 
copy, the early stage of submucosal spread is 
seen as small shallow ulcers followed, with 
the onset of bacterial infection, by circum- 
scribed nodular projections, extensive ul- 
ceration, and general thickening of the bowel 
wall. If they have not penetrated beyond 
the submucosa, healing of these ulcers usu- 
ally occurs without scar tissue, and in 
chronic cases they continually break out in 
different places, leaving little time for deep 
fibrosis to occur. Yet part of the typical 
pathologic picture in the commonly affected 
lower end of the bowel is the appearance of 
thickened proliferative polypoidal growths. 
The early narrowing seen at this stage ap- 
pears to be part of this process although it 
may be “diaphragmatic” in appearance. 
This type of tissue reaction occurring in the 
course of acute dysentery responds in re- 
markable fashion to emetine. 

The fully formed annular firm stricture 
following a course of emetine has on occa- 
sion become soft and pliable without residual 
perirectal fibrosis. This stage probably 


represents an extreme degree of proliferative 
amebic granulomatous formation without 
any gross fibrous tissue formation and there- 
fore able to respond to antiamebic treat- 
ment. 

Spicknall and Pierce have previously 
noted this response, and Hawe reports a 
case of an encircling amebic mass simulating 
a neoplasm in all its features which, after 1 
month’s treatment with emetine, disap- 
peared completely, the rectum returning to 
normal. 

The proof that strictures are caused by 
amebic infection is established by the resolu- 
tion in response to emetine of the stenosis 
produced by firm polypoidal granulations 
shown to be of amebic origin by biopsy. 
Resolution may be complete within 4 to 6 
weeks. Firm tight strictures which despite 
the symptomatic response to treatment fail 
to improve represent cicatricial scarring, the 
chronic end-result of the amebic granuloma. 

The evidence that these strictures result 
from amebic infection is based therefore on 
the following clinical observations: 

1. A clear history of recent or recurrent 
amebic dysentery was present in all cases. 
In 17 Entamoeba histolytica in the stools 
confirmed the diagnosis, and in 1 amebae 
were found on biopsy. A few patients with 
intestinal amebiasis do not show the parasite 
in the stool even on repeated examination, 
unless care has been taken to examine a 
fresh warm stool. Scrapings from ulcers if 
present constitute a more reliable method. 
Despite negative stool reports the remainder 
were nevertheless treated as amebic dysen- 
tery, and in all cases emetine and diiodo- 
hydroxyquinoline produced a rapid and satis- 
factory response to symptoms. In some cases 
sulfonamides or broad-spectrum antibiotics 
were administered as well, which would have 
alleviated the symptoms if they were due to 
bacillary dysentery. The incidence of bacil- 
lary dysentery in this area is difficult to 
estimate as many out-patients have no stool 
culture. About 1 in 40 admissions in which 
Entamoeba histolytica was found also had a 
shigella organism. Neither the clinical course, 


the incidence of the disease, nor the typical 
appearance of the stricture, however, sug- 
gested a bacillary origin. Such strictures do 
rarely occur, Manson-Bahr reporting 7 cases 
in over 3,000 patients. 

2. Irregular narrowing in the rectum, 
stricture-like in nature, has been seen on 
sigmoidoscopy to form early in the course of 
the disease. Wilmot noted resolution within 
1 month in 4 cases following energetic and 
adequate antiamebic treatment. The acute 
stricture is diaphragmatic or crescentic and 
small ulcers are seen in the rectum below the 
lesion. Such a stricture is probably initiated 
by circular amebic ulcer formation with 
tenting of surrounding mucosal tissue. Mi- 
croscopically, there is mucosal infiltration 
with inflammatory cells and submucosal 
swelling. Amebae in the tissues are not com- 
monly seen unless the biopsy is taken prior 
to treatment, as emetine kills the cysts 
rapidly. 

3. A granulomatous stricture in amebiasis 
represents the ameboma found in the colon 
with proliferative and polypoidal excres- 
cences which at this stage may closely re- 
semble carcinoma. The pathology of these 
well recognized granulomas has previously 
been adequately described in the colon. 
‘hey occur in the rectum and anal canal and 
may protrude outside the anus. 

The treatment of amebic strictures con- 
sists in the first place of a thorough course of 
antiamebic treatment. Repeated dilatation 
by finger or dilator is then frequently suf- 
ficient to provide satisfactory evacuation. 
Internal proctotomy is used with lesions 
higher up the rectum. If severe symptoms 
persist and colostomy drainage is required 
for relief of obstruction this must be pre- 
ceded by emetine; such radical treatment is 
rarely indicated. 

The relative rarity of lymphogranuloma 
in this area, where other venereal disease is 
widespread, is noteworthy. The clinical 
features of lymphogranuloma have been 
seen in none of these cases. Neither inguinal 
scarring, the dense inflammatory perirectal 
reaction, recurrent perianal abscesses, nor 
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gross ulceration of perineal tissues with 
lymphedema and condylomas has_ been 
present. Narrowing of the rectosigmoid has 
been seen in some of the cases recorded here, 
but the characteristic rectosigmoiditis with 
thick shortened bowel was absent. 

‘Tuberculosis is widespread in the non- 
white population and is regularly seen 
causing cecal and colonic strictures. Ten to 
15 per cent of anorectal fistulas are found 
to be tuberculous, yet rectal lesions are 
rarely seen. In 1 case a tuberculous granu- 
loma polypoid in nature caused rectal nar- 
rowing and responded rapidly to strepto- 
mycin and isoniazid therapy. 

Bilharzia is endemic in this area, and 
rectal ulceration and symptomless flat polyps 
occur, butstricture formation seldom occurs. 

Actinomycosis gives rise to diffuse long 
strictures with marked brawny induration of 
the skin with multiple necrotic sinuses. No 
such strictures have been noted although the 
disease is not uncommonly seen. 


SUMMARY 


Forty-five nonmalignant anorectal stric- 
tures were seen in 5 years in African and 
Indian patients in Natal of which 60 per cent 
occurred in women; 60 per cent involved 
the rectum and 40 per cent the anal canal. 

An unusual opportunity offered itself for 
comparing the role in anorectal stricture 
formation of amebiasis, tuberculosis, and 
schistosomiasis, in an area where these 
diseases occur in all forms, where syphilis 
and gonorrhea are common, but where 
lymphogranuloma inguinale is only very 
occasionally seen. 

Postoperative and postobstetric strictures 
accounted for 11 strictures, 10 of which were 
in the anal canal. 

Of the 6 cases of unknown etiology 5 were 
nonspecific inflammatory and 1 noninflam- 
matory. 

Two rectal strictures were tuberculous in 
origin and 1 bilharzic. 

One rectal stricture had characteristic 
features of lymphogranuloma inguinale. 

The remaining 24 were associated with 
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amebiasis and had features in common suf- 
ficiently distinct to form a clinical entity. 
‘They occurred twice as commonly in men, 
mostly at a strikingly constant level, 6 to 10 
centimeters from the anal margin and in- 
variably with a history of recent or repeated 
attacks of moderate or severe dysentery. Four 
occurred in the anal canal. 

The lumen was finger-width or less and 
the face of the strictured area bled easily and 
was firm and rubbery and usually tender. 
‘The surrounding tissues were little affected 
and perirectal thickening and fibrosis were 
minimal; the rectosigmoid in some patients 
showed spasm on x-ray examination, or mul- 
tiple strictures were present here or in the 
colon. Fistulas and perianal suppuration 
rarely accompanied amebic strictures. 

‘The symptomatic response to emetine and 
diiodohydroxyquinoline was excellent, and 
the bloody diarrhea diminished or ceased. 

A diaphragmatic stricture may form dur- 
ing an acute attack of amebiasis and resolve 
completely after antiamebic treatment. A 
granulomatous mass may cause stenosis 
which either responds to antiamebic treat- 
ment by becoming soft and dilatable with 
resolution of surrounding induration and in- 
flammatory thickening or becomes a fibrous 
chronic stricture which in two-thirds of cases 
formed a 1 to 1 inch circumferential band. 
In those cases in which the dysenteric symp- 
toms subsided but the stricture remained 
firm and contracted, fibrosis had occurred 
which only responded to repeated dilatation 
or internal proctotomy. It is seldom possible 
by clinical examination to distinguish from 
fibrous stenosis those that will respond to 
emetine, and a therapeutic response must be 
awaited. 

Neither syphilis nor gonorrhea has been 
the cause of any of these strictures; lympho- 
granuloma inguinale has been the proved 
cause in only 1 case. 
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Tuberculosis, schistosomiasis, and actino- 
mycosis are excessively rare causes of ano- 
rectal strictures. 
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OF THE SURGICAL PATIENT 


PREOPERATIVE MEDICAL EVALUATION 


EDWARD B. LeEWINN, M.D., and SIDNEY GREENSTEIN, M.D., Philadelphia, Pennsylvania 


MEDICAL COMPLICATIONS occur during and 
following surgical procedures with con- 
siderable frequency. Working as a team, 
the internist, surgeon, and anesthesiologist 
can achieve major triumphs in situations in 
which each specialty, acting alone, courts 
disaster. In separating medical from surgical 
patients one can, to some extent, make clear 
distinctions between these two areas; for 
example, postoperative bleeding due to 
faulty technique as contrasted with acute 
pulmonary edema due to myocardial in- 
sufficiency. However, there is a large sector 
in which the shading between the medical 
and the surgical is too fine to permit a 
definite division. It is in patients in the fifth 
decade of life and upward that this team- 
work becomes especially important before, 
during, and after operation. 

While it is true that the best surgeon is 
first a good internist, it is equally true that 
a properly trained and well informed in- 
ternist is aware of the stresses to which the 
surgical patient is subject and the problems, 
over and above the condition requiring 
operation, which the surgical procedure may 
precipitate or exaggerate. While the body 
as a whole is under stress during surgery, 
those areas which are especially likely to 
present medical problems before, during, or 
after operation include the cardiovascular, 
renal, and bronchopulmonary tissues, al- 
though the endocrine organs and the liver 
are by no means exempt. A detailed discus- 
sion of the stresses and hazards to which the 
surgical patient is exposed is hardly neces- 
sary here. It is sufficient to mention the in- 
dividual psychoemotional state; the varia- 
tions in response to preoperative medications 
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and to anesthetic agents; the pouring in of 
intravenous fluids and blood; the potential 
hypoxic and hypotensive states; the ex- 
posure of organs and tissues to air of lower 
temperature and moisture content than that 
of their normal environment; the accumula- 
tion of bronchial secretions; the gagging and 
the potential aspiration of gastric contents; 
the over-all stress and increased pituitary- 
adrenocortical demand; the heightened 
metabolic level of the body with its increased 
burden in all areas; the increased suscepti- 
bility to infection, whether because of, or in 
spite of, antibiotics; the mechanical limita- 
tion, either direct or indirect, in respiratory 
excursion and, finally, the seriously com- 
promised nutritional state. 

The decision as to type of anesthesia has 
become to a great degree the prerogative 
of the anesthesiologist. Yet, the internist, 
who formerly made this decision in connec- 
tion with the surgeon, remains in the opti- 
mal position for judging the patient’s over- 
all physical status. Too often, lack of com- 
munication can lead to disastrous conse- 
quences. The patient may be unaware of the 
exact character of the medications which he 
is taking for a medical problem or, not 
infrequently, fails to disclose such informa- 
tion even if he is aware of it. The use of 
adrenal cortical steroids or of Rauwolfia 
serpentina preparations, of which neither 
surgeon nor anesthesiologist has been aware, 
has led to many jarring experiences both 
for the patient and the doctor. 


HISTORY AND PHYSICAL EXAMINATION 


An intimate knowledge of the emotional 
and physical characteristics of the patient 
is the first prerequisite for a smooth and 
uncomplicated surgical procedure and post- 
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operative course. The preoperative history 
and physical examination of the surgical 
patient are often superficial and sketchy, 
with excessive emphasis on the condition 
for which surgery is indicated. ‘These should 
be no less detailed and meticulous than the 
questioning and examination in a medical 
diagnostic problem if we are to detect 
conditions which may precipitate serious 
complications. For example, we have seen 
in consultation an 82 year old man with 
fracture of the skull sustained in falling down 
subway steps. The medical problem pre- 
sented to us was the management of the 
patient’s diabetes, especially since the his- 
tory obtained by the surgeons indicated that 
the fall had been due to a syncopal attack 
resulting from insulin reaction. More care- 
ful questioning revealed that the patient 
was not a severe diabetic, that he took only 
15 units of protamine zinc insulin, that he 
had not received insulin for 2 days prior 
to the accident, that the syncope had oc- 
curred when the patient, descending the 
stairs, looked downward to see his way. 
Examination disclosed highly irritable caro- 
tid sinuses bilaterally. Further questioning 
showed that the patient had had previous 
episodes of faintness, although not syncope, 
especially when looking downward while 
wearing a heavy overcoat. The mechanism 
by which the irritable carotid sinus was 
stimulated was clear. 


LABORATORY STUDIES 


Intensive preoperative medical study is 
neither feasible nor possible in most surgical 
cases, especially those of emergency char- 
acter. Yet, certain safeguards which give a 
fair degree of warning and protection have 
become customary. Preoperative urinalysis 
and complete blood count are almost uni- 
versally required in the United States, ex- 
cept in the most extreme emergencies. In 
elective cases, the blood urea nitrogen (or 
nonprotein nitrogen) and blood sugar levels 
are required. Certain operative procedures 
customarily call for specific preoperative 
information concerning the liver, heart, and 


lungs. There should be, in addition, such 
laboratory studies as are necessary to clarify 
questions raised by the history and physical 
examination. There should be discussion 
and critical evaluation between the surgeon, 
anesthesiologist, and internist of the data 
obtained by these studies. Reports which 
are not well within normal limits, whether 
in electrocardiograms, blood count, or blood 
chemistry should be regarded with suspi- 
cion. Especially treacherous are the ‘‘border- 
line” levels. The laboratory data must have 
a clear relationship to the patient’s clinical 
status and, if there is a discrepancy, one 
or the other, or both, should be re-examined 
as a matter of preoperative foresight rather 
than the wistful wisdom of hindsight. One 
is constantly faced with serious postopera- 
tive states of which there is often adequate 
preoperative warning. 


CARDIAC EVALUATION OF THE PREOPERATIVE 
PATIENT 


In the evaluation of a patient for major 
surgery, the assessment of his cardiovascular 
status assumes a pre-eminent position. ‘This 
is especially true in aged patients of whom 
a considerable majority (70 per cent) of 
surgical candidates have complicating car- 
diovascular disease. While the mere exist- 
ence of such disease slightly increases the 
postoperative morbidity and mortality, it 
does not preclude a successful result pro- 
vided that the cardiovascular complications 
are recognized and adequately treated prior 
to surgery. 

It is a common practice to limit pre- 
operative cardiac evaluation to a cursory 
examination of the heart and an electro- 
cardiogram and to accept a report of a 
normal or borderline-normal tracing as 
indicative of adequate cardiac status. It is 
important to emphasize that the electro- 
cardiogram is only one measurement of 
cardiac function and that it is often normal 
in patients harboring significant valvular, 
coronary artery, or myocardial disease, the 
symptoms of which may be obscured by 
the pressing surgical problem. In fact, not 
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infrequently what is apparently a surgical 
situation turns out to be primarily cardiac. 
The stress of anesthesia, the operative pro- 
cedure, and the demands of the postopera- 
tive period may convert many subclinical 
cardiac problems into major operative and 
postoperative complications. 

Of what, then, should the preoperative 
cardiac evaluation consist? What clinical 
findings demand special attention? ‘The 
cardiovascular examination of the preopera- 
tive patient requires a careful history and 
physical examination. The patient should be 
questioned in detail for symptoms of myo- 
cardial insufficiency and of coronary artery 
disease. In weighing the patient’s state- 
ments, his mode of living and his response 
to ordinary physical activity and simple 
exercise should be given careful considera- 
tion. Many patients with cardiac dyspnea 
and angina of effort have voluntarily com- 
pensated by decreasing their activities. A 
history of past or recent myocardial infarc- 
tion should be noted, whether as fact or by 
inference on the basis of symptoms. If 
angina or cardiac insufficiency exist, how 
are they expressed; how readily are they 
controlled? A recent increase in the fre- 
quency of anginal pain or cardiac dyspnea 
points to an active cardiac process and the 
need for intensive therapy before surgery is 
undertaken. 

Diligent search should be made for a 
history of cardiac arrhythmias, especially 
the paroxysmal tachycardias. Frequent bouts 
of palpitation attributable to premature 
beats may not be as innocent in an elderly 
patient as they are in a young one. 

The status of the peripheral circulation 
should not be neglected. A history of inter- 
mittent claudication may point to extensive 
thrombotic arterial disease which may be 
aggravated by operative hypotension. A 
history of peripheral venous disease with 
past thromboembolic episodes should alert 
all medical personnel connected with the 
case. 

In the physical and radiologic examina- 
tions, the heart size should be carefully as- 


sessed. ‘The existence of cardiac enlargement 
increases the risk of postoperative complica- 
tions beyond that to be expected in cardiac 
patients without cardiomegaly. ‘The cardiac 
rate and rhythm should be carefully noted. 
Frequent premature beats and a slight but 
persistent and unexplained tachycardia may 
be the only findings in a myocardium on the 
verge of congestive failure. The response in 
rate and rhythm of the heart to climbing 
one flight of stairs may give some measure 
of myocardial integrity and capacity. The 
appearance of premature beats on exercise 
points to the need for further study and 
treatment. 

Above all, evidence of cardiac decompen- 
sation such as basilar rales, gallop rhythm, 
venous and hepatic congestion, and periph- 
eral edema must be searched for. ‘The 
existence of cardiac decompensation is the 
single, most important factor which  in- 
creases the surgical risk of the cardiac pa- 
tient. It, therefore, requires delay of the 
surgical procedure until it is completely 
controlled. Moreover, it must not be as- 
sumed that a cardiac patient already re- 
ceiving therapy, including digitalis, is opti- 
mally prepared for the stress of operation. 
Observation of the response of this patient 
to exercise and the measurement of venous 
pressure and circulation time are often 
necessary to determine the adequacy of 
therapy. Nor should it be assumed that the 
patient with chronic atrial fibrillation with 
a slow ventricular rate on digitalis therapy 
is adequately digitalized. The response of 
the ventricular rate to exercise or to 1./) 
milligram of atropine intravenously will 
help determine the adequacy of digitaliza- 
tion. 

A standard 12 lead electrocardiogram is 
an integral part of every cardiac evaluation. 
However, the findings in the tracing must 
be related to the clinical status of the pa- 
tient. Not all electrocardiographic abnor- 
malities are indicative of a poor surgical 
risk. The surgeon should have the assurance 
of the internist in this regard on the basis 
of thorough clinical evaluation. In them- 
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selves, clectrocardiographic changes such as 
left bundle branch block or old myocardial 
infarction do not significantly increase the 
surgical risk in the cardiac patient. Rather, 
the electrocardiogram should be employed 
to provide information as to the functional 
status of the heart. Thus, the electrocardio- 
eram may give information as to heart size 
and, indirectly, as to cardiac work and 
efficiency. Changes in the ST and T-U 
waves may point to active myocardial 
disease processes as well as to electrolyte 
imbalances which must be corrected prior 
to surgery. Most important, the electro- 
cardiogram will give valuable information 
as to cardiac rhythm and impulse trans- 
inission. ‘The finding of multifocal ventricu- 
lar premature beats or of frequent atrial 
premature beats in an elderly patient under 
stress may be the only definite clue to heart 
disease. Control of these manifestations by 
digitalis and/or quinidine must be accom- 
plished before operation. Similarly, short 
runs of atrial or ventricular premature beats 
may be the only warning of a serious tachy- 
cardia in the operative or postoperative 
period, again calling for adequate control 
with digitalis. The finding of sinoatrial 
nodal block, nodal rhythm, or atrioven- 
tricular nodal block should be a warning of 
the possibility of further block and cardiac 
arrest during surgery and the need for 
appropriate prophylaxis. 

In summary, the intent of the preopera- 
live cardiac evaluation is not merely to 
discover heart disease but to assess the 
ability of the patient’s cardiovascular system 
to withstand stress and to determine the 
success of measures taken to increase that 
capacity. 

The following case report illustrates many 
of these remarks: 

The patient, a 73 year old, white male, was ad- 
mitted to the urologic service with acute urinary re- 
tention after symptoms of 11% years of bladder neck 
obstruction due to benign prostatic hypertrophy. The 
house officer taking the medical history noted only 
that vague symptoms of palpitation had been present 
for many years. There were no cardiorespiratory 
symptoms nor a past history of cardiopulmonary dis- 
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ease. Physical examination revealed a well developed, 
white male in no distress. Blood pressure was 130/70, 
pulse rate 84 per minute, with frequent premature 
beats. The anteroposterior chest diameter was in- 
creased but the lung fields were clear and well venti- 
lated. The heart tones were distant; a grade IT, short, 
blowing, systolic murmur was heard at all valve 
areas, maximal at the base. Frequent atrial prema- 
ture beats were present. There.was no abdominal vis- 
ceromegaly. Rectal examination disclosed a 3 plus 
enlargement of the prostate gland. The extremities 
showed moderate varicose veins but no edema. The 
peripheral pulses were intact. 

Laboratory studies revealed the following: hemo- 
globin 13.7 grams, hematocrit 41 per cent, leucocytes 
7,500; fasting blood sugar 75 milligrams, blood urea 
nitrogen 13 milligrams and serum uric acid 5.2 milli- 
grams per cent. Acid phosphatase was 0.0 units. 
Urinalysis showed: specific gravity 1.015, albumin 
and sugar negative, leucocytes 1 to 2 and erythrocytes 
12 to 15 per high power field, and culture sterile. An 
electrocardiogram showed QRS complex changes 
consistent with left ventricular hypertrophy and an 
old, inferior wall myocardial infarction. Multifocal 
atrial and ventricular premature beats were present. 
Roentgenograms of the chest showed a moderate 
generalized enlargement of the heart. The lung fields 
appeared to be normal. There were marked degener- 
ative hypertrophic changes in the spine. A survey film 
of the abdomen revealed aortic calcification. When 
the patient was seen in consultation, a review of the 
history disclosed that the palpitation was aggravated 
by increased activity and had impaired his capacity 
for work. From his descriptions, definite features of 
paroxysmal tachycardia were evident at times. ‘These 
abated, as did mild, exertional dyspnea, when activity 
was restricted. It was concluded that there was 
definite arteriosclerotic heart disease (old infarction 
without definite history) with borderline cardiac com- 
pensation at rest (frequent premature beats, in- 
creased by exertion and moderate cardiomegaly) and 
that surgical stress would probably precipitate parox- 
ysmal tachycardia and frank cardiac failure. A ven- 
ous pressure of 11.0 centimeters of blood and a circu- 
lation time, arm-to-tongue, of 19 seconds (decho- 
lin®), both at the extreme limits of normal, added 
further support to the clinical impression. Operation 
was postponed, the patient was placed at rest, given 
a diet restricted in sodium, a parenteral mercurial di- 
uretic, and digitalization in 72 hours with digoxin. 
On this regimen, the premature beats disappeared 
completely and a weight loss of 7 pounds occurred. It 
was believed that the patient was now in suitable con- 
dition for transurethral resection of the prostate. The 
surgical procedure was well tolerated. However, post- 
operatively, excessive bleeding was associated with 
sinus tachycardia which ceased when blood was re- 
placed cautiously, using packed red blood cells. On 
the twelfth postoperative day, probably due to a fe- 


we 
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brile reaction and a continuing mild anemia (hemo- 
globin 11 gm.), premature contractions were again 
detected. Supplemental doses of digoxin and careful 
transfusion again controlled the arrhythmia and the 
remainder of the clinical course was uneventful, the 
patient being discharged markedly improved. 


In this instance, the submerged or “‘ice- 
berg” characteristics of degenerative heart 
disease are demonstrated. Little overt, 
classic evidence of cardiac abnormality was 
present. Although there had been a pre- 
viously unrecognized myocardial infarction, 
subjective indications of myocardial insuf- 
ficiency were minimal and only in the form 
of palpitation. Careful study revealed the 
actual extent of the cardiac disease. In the 
experience of LaDue, Johnson, and our- 
selves, patients such as this are considered 
poor surgical risks because of the presence 
of uncontrolled arrhythmia, cardiomegaly, 
and uncorrected, borderline cardiac failure. 
Had these conditions not been adequately 
treated prior to surgery, serious operative or 
postoperative morbidity, or even a fatality, 
may have ensued. In a long experience with 
the interpretation of preoperative electro- 
cardiograms in elderly patients, we have 
been impressed by the frequency with which 
the presence of significant atrial premature 
beats is the only clue to underlying myo- 
cardial disease. The conclusion is inescapable 
that this and similar minor manifestations 
of heart disease are glossed over in the pre- 
operative evaluation of the patient and that 
an important proportion of serious cardio- 
vascular complications, in the operating 
room and postoperatively, is based on such 
an oversight. It cannot be emphasized too 
strongly that every patient, but especially 
those in and above the fifth decade of life, 
should receive a thorough preoperative 
evaluation of the cardiovascular system and 
that even minor deviations from normal 
should be carefully studied. 


RENAL FUNCTION 


“Disease processes of the kidney that are 
not extensive can be quantitatively assayed 
only with difficulty” (Duncan). This fact pre- 
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sents a problem in the preoperative evalua- 
tion of the patient’s renal status. In cardio- 
vascular disease, a meticulous history can 
often elicit ‘minimal symptoms which war- 
rant investigation by methods which permit 
reasonably reliable conclusions as to the 
functional status of the circulatory system. 
In the kidney, however, it is often difficult for 
the patient himself to realize that there has 
been a subtle, almost imperceptible change 
in his daily pattern of urination. Moreover, 
such changes frequently occur in the pres- 
ence of, and are confused with, gynecologic 
or prostatic disease, often the very situations 
for which surgery is contemplated. In addi- 
tion, there is the difficulty in assessing the 
significance of diurnal frequency or noc- 
turia which may be solely related to ex- 
cessive intake of water or other fluids, to 
emotional factors, or to primary insomnia. 

The patient whose renal function is ade- 
quate for ordinary living and minor stresses 
may find that the vagaries in renal blood 
flow which often occur during surgery and 
the increased postoperative load of nitrog- 
enous products and electrolytes for excre- 
tion are beyond his capacity. It is important 
to detect those individuals with insufficient 
renal reserve before surgery is undertaken. 
Except in those patients with advanced 
renal impairment, recognition of a reduced 
renal reserve and the avoidance of undue 
surgical and postoperative stresses may pre- 
vent further embarrassment of tubular and 
glomerular function and serious morbidity 
or even a fatal outcome. Since the total 
content of the kidneys is about 2,500,000 
nephrons and considerable flexibility in 
renal function is retained until the reduc- 
tion in the number of effective nephrons 
approaches 700,000 to 800,000 per kidney, 
the difficulty inherent in evaluating renal 
status in the presence of all but the more 
advanced degrees of kidney impairment 
becomes evident. Therefore, in certain cate- 
gories, it is wise to assume that there is 
significant decrease in renal reserve and to 
take special pains to correct anemic states, 
to avoid excessive preoperative medication, 
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to guard against even minor hypoxic and 
hypotensive states during operation, and to 
restrict the operative procedure to limited 
essentials. These categories include elderly 
patients with obstructive lesions of the 
urinary tract (prostatic hypertrophy, chronic 
urethral and vesical neck constrictions in 


women, contracted bladder), a history of 


recurrent cystitis or pyelitis, recent severe 
or debilitating illness, prolonged, severe de- 
hydration, shock due to any cause, and 
overt chronic nephritis. The presence of 
major degrees of hypertension, of a history 
of coronary artery or cerebral vascular 
disease, or of diabetes should automatically 
raise questions as to how the kidney will 
perform under operative and postoperative 
stress. 

Laboratory studies which are most com- 
monly employed in the routine evaluation 
of renal status are urinalysis and blood urea 
nitrogen or nonprotein nitrogen levels. A 
random specimen of urine may give no in- 
dication of the concentrating power of the 
kidney. Unless examined fresh, the speci- 
men may fail to show casts, or red or white 
blood cells in significant numbers. Albumin 
in quantities greater than a trace should 
routinely initiate a study of renal function. 

The blood urea nitrogen is commonly em- 
ployed as a screening test of renal functional 
integrity. It is important to emphasize the 
limited amount of information which this 
study gives us. In effect, it is a statement of 
the instantaneous urea nitrogen level of the 
blood, an expression of the resultant of the 
level of activity of those processes which 
produce nitrogenous wastes and the ability of 
the kidney to excrete them. A level of 8 to 
17 milligrams per 100 cubic centimeters of 
blood can usually be accepted with reason- 
able safety. Too often, however, levels of 20 
to 25 milligrams have been disregarded, 
only to have serious renal insufficiency pre- 
cipitated by a relatively simple operative 
procedure. Under any circumstances, blood 
urea nitrogen levels of 20 milligrams or over 
should be verified and regarded with sus- 
picion. In the categories of renal impairment 


enumerated a drop to 20 milligrams or less 
while the patient is at rest is still an indica- 
tion for more extensive preoperative renal 
function study, including urea clearance, 
phenolsulfonphthalein excretion, water con- 
centration tests, and excretion urogram. 

The following case report illustrates many 
of these statements: 


A 78 year old white male was admitted to the uro- 
logic service on November 27, 1958 with acute uri- 
nary retention due to benign prostatic hypertrophy. 
The patient had had increasing urinary frequency, 
urgency, and nocturia for a period of 5 years. He had 
otherwise been in good health. The acute obstruction 
was relieved by simple catheterization. On the morn- 
ing of November 28 the obstruction recurred and an 
indwelling catheter was installed. At that time, the 
blood urea nitrogen was 34 milligrams per 100 cubic 
centimeters. A blood count showed hemoglobin 15.3 
grams, hematocrit 46 per cent, and white blood cells 
9,800. Urinalysis disclosed px 5, specific gravity 1.020, 
albumin 2 plus, sugar and acetone absent, a few white 
blood cells, and many red blood cells. Upon constant 
catheter drainage, the blood urea nitrogen dropped 
to 20 milligrams by December 2. An intravenous uro- 
gram on December 3 showed prompt excretion of the 
dye with good concentration. The left kidney ap- 
peared to be normal, the right kidney was not well 
visualized. A roentgenogram of the chest revealed 
moderate enlargement of the left ventricle and evi- 
dence of sclerotic changes in the wall of the thoracic 
aorta. 

A transurethral prostatic resection was performed 
on December 5 without any untoward incident or 
effect insofar as the urologist knew. Although distilled 
water was used as the irrigant during the procedure, 
there was no evidence of hemolysis. On December 8, 
the patient began to vomit and looked ill. On Decem- 
ber 9, the blood urea nitrogen was 110 milligrams. 
The patient was given one-sixth molar sodium lactate 
and 5 per cent dextrose in distilled water or physio- 
logic saline solution as well as 5 per cent alcohol 
intravenously without significant improvement. On 
December 16, the blood urea nitrogen reached 160 
milligrams, the carbon dioxide content of the blood 
was 22 milliequivalents, and the chlorides 89 milli- 
equivalents; the potassium was 3.5 milliequivalents. 

At this point a medical consultation was requested, 
and upon examination we found the patient’s clini- 
cal appearance to be quite good. Cardiac rate was 84 
per minute, blood pressure 178/90. There was no 
evidence of congestive heart failure or other cause for 
prerenal azotemia; he was well hydrated. In fact, 
examination of the fluid balance record left the exact 
state of hydration for the first 4 postoperative days 
open to question. However, one gained the impression 


\ 
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that his output had been well under 1,000 cubic centi- 
meters daily. On the other hand, during the 72 hour 
period prior to the medical consultation, the average 
output was about 4,000 cubic centimeters daily and 
the intravenous intake had been maintained at the 
same level. In view of the patient’s age, roentgeno- 
graphic evidence of left ventricular hypertrophy, and 
clectrocardiographic findings of anteroseptal wall ab- 
normality, the heart was supported by slow digitali- 
zation and potassium was administered intravenously. 
On December 17, the blood urea nitrogen remained 
at 160 milligrams, the sodium 142, potassium 4.1, 
chlorides 87, and carbon dioxide content 22 milli- 
equivalents. The creatinine was 9.6 milligrams. The 
blood count showed hemoglobin 12.2 grams, hemato- 
crit 39 per cent, and white blood cell count 8,000. 

The urine output continued at levels between 3,500 
and 4,000 cubic centimeters per 24 hours. By Decem- 
ber 18, vomiting ceased and the patient was able to 
take food and drink without difficulty. The blood 
urea nitrogen was 108 milligrams and it continued to 
drop progressively as the patient gained strength and 
improved clinically. The blood pressure was 206/90. 
When the patient was discharged on the twenty-first 
postoperative day the blood urea nitrogen was 43 
milligrams and the creatinine 2.3 milligrams. 

Examination of the anesthesia record showed that 
even before anesthesia (pentothal ®sodium followed by 
nitrous oxide-oxygen) was begun, the blood pressure 
was 110/80. There is no way of knowing how long it 
had been at this level. During the 35 minute period of 
anesthesia the blood pressure rose slowly to 150/90. 
Vasopressor agents were not employed. Preoperative 
medication had consisted of 100 milligrams of pento- 
barbital given orally the night before surgery and 60 
milligrams of pentobarbital with 0.4 milligram of 
atropine sulfate given subcutaneously before the pa- 
tient was transferred to the operating room. Neither 
surgeon nor anesthesiologist was aware of the dis- 
crepancy between the patient’s blood pressure before 
preoperative medication and that noted on arrival in 
the operating room. 


For a long period this patient had had 
urinary tract obstruction by benign prostatic 
hypertrophy. The extent to which his renal 
reserve had been impaired was seen in the 
blood urea nitrogen level of 34 milligrams on 
the day after hospital admission. ‘The sub- 
sequent creatinine level of 9.6 milligrams 
also pointed to extensive glomerular disease. 
Since a level of 20 milligrams of blood urea 
nitrogen was reached and it remained stable 
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preoperatively, most likely transurethral 
prostatic resection could have been tolerated 
without serious difficulty. However, pre. 
operative medication lowered the usual 
blood pressure to a relatively hypotensive 
point and a mild lower nephron syndrome 
was thereby superimposed on_ the _pre- 
existing renal disease. While a 100 milli- 
gram oral dose of pentobarbital at bed time 
the night before operation and a sub- 
cutaneous dose of 60 milligrams of the same 
drug preoperatively may be safe in the 
average patient, in the geriatric patient 
most premedications should be one-third 
to one-half the average dose. Slower ab:- 
sorption, detoxication, and excretion seri- 
ously prolong the action of drugs in the 
aged. This patient’s fortuitous recovery 
was entirely spontaneous since none of the 
measures taken prior to medical consulta- 
tion was instituted with a clear under- 
standing as to the cause of the uremia and 
the best therapeutic approach thereto. Re- 
covery was already in process by the time 
of medical consultation. Had a more serious 
or more prolonged hypotensive state oc- 
curred, it is most probable that this patient 
would have died. It is clear from this, as 
well as from our experience in other cases, 
that patients with limited renal reserve may 
live comfortably until stresses beyond their 
capacity occur. When the stress is that of 
surgery, the limited renal reserve should be 
suspected and its degree established. ‘There- 
after, unusual precautions must be taken 
to keep the stress of surgery, anesthesia, and 
the postoperative period at the lowest possi- 
ble minimum. 
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DYNAMICS OF BONE HEALING AND ITS EFFECT 
ON THE SKELETAL SYSTEM IN VIVO USING 


STRONTIUM® AND CALCIUM” 


H. KOENIG, M.D., and JOHN H. HELLER, M.D., Ridgefield, Connecticut 


IN A PREVIOUS stuDY (4) it was indicated 
that strontium® could be used for measur- 
ing the rate of bone healing in vivo. Several 
phenomena appeared during the course of 
this study which warranted further investi- 
gation. Furthermore, it was believed neces- 
sary to investigate whether calcium gave 
similar data to strontium so that the latter 
isotope might be used as a valid test sub- 
stance. Several unusual and, we believe, 
hitherto unreported phenomena have re- 
sulted from this study. 


METHODS AND MATERIALS 


The test animals were white male Wistar 
strain rats weighing between 200 and 230 
grams, On a standard purina chow diet. 
Fractures were induced manually between 
the head and the beginning of the shaft of 
the tibia. This locus was chosen because of 
the facility with which similar uncompli- 
cated fractures could be induced in nu- 
merous animals. Furthermore, this site made 
radioactive measurement particularly easy. 
Strontium® was injected subcutaneously as 
Sr®Cly. Ten microcuries were given at the 
time of the fracture and 1 microcurie was 
given daily thereafter. Radioactive uptake 
was measured daily 30 minutes after injec- 
tion of the isotope. Whereas one may use the 
contralateral bone in the animal with a 
fracture as a control, the possibility that the 
entire skeletal system might be affected by a 
fracture dictated that as an additional con- 
trol normal animals be used. These latter 
were given the same dose of radiostrontium 
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as the experimental animals and measured 
under the same conditions. 

The only variation between the previous 
method of calculation and some computa- 
tions used in this study stems from the com- 
parison of normal bones in an animal with a 
fracture to the identical bones in control ani- 
mals without fractures. ‘These data were 
computed as follows: 


where Rb, is the radioactive count per unit 


time at a specific site in a normal bone in an 
animal with a fracture, and Rb, is the same 


radioactive measurement made at the same 
site in the identical bone in the control. 

The standard deviation was between +5 
to 10 per cent. Thus all changes greater 
than +5 to10 per cent can be considered 
significant. The reduction of the range 
of the standard deviation in comparison 
with the previous publication (4) reflects 
improved techniques. Radioactive measure- 
ments were made as previously described 
with a gamma ray spectrometer. 

Calcium” was used in the study concern- 
ing the dynamics of calcium and strontium 
to determine if the strontium data gave the 
same type of curves as calcium. Calcium” 
was prepared by a special reactor bombard- 
ment of enriched calcium“. Calcium (as 
Ca"Cl,) and strontium*® were injected 


simultaneously and measured simultane- 
ously by the dual channel spectrometer. 
There is one important point that must be 
borne in mind in regard to calcium*. Al- 
though calcium” is listed on most nucleonic 
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charts as being a gamma emitter, it is not. 
Calcium“ is a pure beta emitter which then 
decays to scandium with the emission of 3 
gammas virtually simultaneously. The scan- 
dium later decays to titanium. Thus, al- 
though one is actually measuring the gamma 
emission of scandium, the time lapse be- 
tween the conversion of the calcium to 
scandium is so infinitesimal that it faithfully 
reflects the locus of the calcium. 


RESULTS 


Initial experiments in which both cal- 
cium” and strontium® were injected simul- 
taneously and measured simultaneously in 
bone indicated that the shape of the curves 
of strontium loss and uptake was faithfully 
mimicked by that of calcium. Because of the 
cost, time lag, and difficulty in obtaining 
calcium”, strontium was used primarily in 
this study, since it has been established that 
the type of information and the changes 
observed could be equally well measured 
with strontium® as with calcium“. Details 
regarding strontium® as well as calcium” 
uptake in fractures will be presented else- 
where. 

The relevant data are shown in Figure 1 
demonstrating the curves for animals which 
received daily injections of strontium®. 
These data are essentially the same as those 
seen in experiments with several hundreds 
of animals. Immediately after the fracture is 
induced there is the expected loss of mineral 
at the fracture site. However, it should also 
be noted that there is a comparable loss of 
mineral from other bones in the skeletal sys- 
tem at the same time. This is in contrast to 
the findings of Bohr and McLean and their 
associates. 

Examination of Figure 1 shows that the 
beginning of strontium uptake at the frac- 
ture site occurs at about day 3. There is ap- 
parently a decided stimulus for mineral dep- 
osition from day 3 through day 8. It should 
be noted that the normal bones of the skele- 
ton apparently shared in this stimulus and 
tended to remineralize during that period. 
Beginning at day 8, this stimulus disap- 


pears, and there is a concomitant drop in 
strontium (as well as calcium), not only at 
the fracture site but in the other bones of the 
skeleton as well. This secondary drop has 
been seen as a constant feature in every ani- 
mal thus far examined. It was reflected in 
the data presented in Figure 5 of ou 
previous publication (4). At that time, be- 
cause we were only comparing the fractured 
bone with the contralateral bone in the 
same animal, it could not be ascertained 
whether this was a relative or absolute loss. 
In this series, in which there was the op- 
portunity to compare not only within the 
same animal but also with normal animals, 
it became apparent that this is a real loss. It 
is of further interest that the apparent de- 
mineralization of unafflicted bones in the 
skeleton follows a curve opposite to that of 
maximum mineral uptake at the fracture 
site after the previously mentioned stimulus 
had disappeared. 

It can be further observed that the greater 
loss of mineral occurs in the bone immedi- 
ately adjacent to the fractured bone. At 
about the time that the uptake of strontium 
at the fracture site returns to normal values, 
the uptake in the other bones of the skeleton 
likewise returns to the range of normal 
levels. 


DISCUSSION 


It is apparent that strontium® and cal- 
cium“ can be used interchangeably in order 
to measure the dynamics of bone healing in 
vivo. Because of cost and availability, 
strontium® is more useful in animal experi- 
ments. However, its relatively protracted 
half-life of 65 days makes it less desirable for 
human experimentation than calcium”, 
where one is confronted with a 4.7 day half- 
life. Possible disadvantages in the use of cal- 
cium” lie in the fact that the calcium” is 
emitting two relatively energetic betas 
which can cause some localized damage and 
in the fact that if an atom of calcium is in an 
organic calcium complex and suddenly is 
converted by radiodecay to another element 
such as scandium or titanium, molecular 
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alteration must occur. However, when one 
considers how few atoms are involved in 
order to make this assay, these latter con- 
siderations become trivial, and it would ap- 
pear that calcium“ would be the isotope of 
choice. 

The notable and unequivocal deminerali- 
zation of unafHicted bones in an animal with 
a fracture is worthy of note. Because of the 
extent and duration of this loss, one tends to 
think in terms of humoral control. The 
initial remineralization seen between days 
4 and 8 would, if the initial assumption is 
correct, probably also be due to another 
humoral factor. One might postulate that 
this latter factor was exhausted after day 8 
to account for the inevitable finding of loss 
of mineral both from the fracture site and 
from normal bone. 

The relative consistency of the elevated 
mineral deposition in the fracture site with 
the comparative demineralization of other 
bones would tend to make one fall back on a 
teleologic explanation of a reflex humoral 
mechanism which would provide extra 
mineral from normal bones for use in depo- 
sition at the fracture site. 

If such an explanation is correct, it must 
be initiated at the time of fracture. It is 
therefore of obvious interest to see whether 
one can affect the rate of mineralization at 
the fracture site as well as demineralization 
of other bones by keeping a high calcium 
blood level during this postfracture period. 
The stimulus which is responsible for the 
remineralization process between days 4 
and 8 leads to an interesting conjecture. 
Other experiments to be presented later 
may shed some light on the nature of the 
substances which may be involved. The fact 
that the bone adjacent to the fracture con- 
sistently loses more mineral than the other 
bones of the skeleton indicates that mecha- 
nisms other than simple humoral ones may 
be at work. Because of the rapid loss of 
mineral from the unaffected bones of an 
animal with a fracture, one can postulate 
that this may represent unbound rather 
than bound mineral. It should be noted that 
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Fic. 1. Curves indicating the rate of strontium® de- 
posit or loss in the bones of rats with fractured tibias, 
compared with the corresponding bones in the group 
of unlesioned rats. Each curve represents the mean 
value of 20 animals measured daily. The values were ob- 
tained by using the formula given under ‘‘Methods and 
Materials.” 


at the time the curves in Figure 1 enter the 
normal range at about 3 weeks, union still 
may not be complete. Therefore, these 
curves may be taken to indicate those proc- 
esses involving mineral during the first 3 
weeks after fracture. As such, they should be 
highly useful as control values to indicate 
substances or procedures which can ac- 
celerate the healing process. The final 
physiologic steps eventuating in firm union 
are apparently not susceptible to quantita- 
tive evaluation by this method. 

However, it is probably a reasonable as- 
sumption that any procedure which can 
accelerate and intensify the early phases of 
healing in a fracture will have the net effect 
of shortening the entire time required for 
firm union. Corroboration of some of these 
data can be found in the work of Bauer 


(1, 2). 
SUMMARY 


1. Strontium® faithfully mimics calcium 
as an index of the early processes following 
bone fracture. 

2. After a fracture with concomitant min- 
eral loss at the fracture site, there is ap- 
parently a stimulus which affects all of the 
bone skeleton, resulting in a loss of mineral 
from all of the bony skeleton which is fol- 
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lowed approximately between days 4 and 8 
by a stimulus to remineralization not only 
at the fracture site but in other bones of the 
skeleton as well. At approximately day 8 
this stimulus appears to be lost, and a de- 
mineralization occurs at the fracture site 
and in the rest of the skeleton. Although re- 
mineralization at the fracture site again 
takes place, the continuing loss of mineral 
from other parts of the bony skeleton per- 
sists until such time as the mineral uptake 
at the site of fracture returns to the normal 


range. 
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THORACIC DUCT DRAINAGE IN UREMIC STATES IN MAN 


PHILIP D. CRONEMILLER, M.D., F.A.C.S., RALPH L. BYRON, JR., M.D., and 
HOWARD R. BIERMAN, M.D., Duarte, California 


ACUTE RENAL FAILURE in man produces a 
well known clinical picture characterized by 
anuria with increasing nitrogenous reten- 
tion often progressing to uremia, coma. and 
death. Experience has shown that in many 
cases renal function may return if the patient 
does not succumb first to the effects of the 
anuria or to its treatment. In those cases 
with spontaneous recovery of kidney func- 
tion, diuresis generally occurs in 7 to 10 
days, and occasionally as late as 14 to 16 
days after onset of the anuria. Methods of 
treatment have been many and _ varied, 
evidence that none has been particularly 
satisfactory. Some, such as decapsulation, 
were directed toward the kidney itself. Most, 
however, have been directed toward reduc- 
ing or preventing the development of uremia 
through the removal of nitrogenous wastes 
by extrarenal routes. In this category are 
peritoneal and gastric dialysis and lavage, 
intestinal irrigation, replacement transfu- 
sion, and the artificial kidney. By and large 
these procedures have either not produced 
the desired results, have caused serious com- 
plications, or they have been difficult to 
carry out. 

During studies on chemotherapy via the 
thoracic duct of far advanced neoplastic dis- 
ease, it was found that the thoracic duct 
fluid in man contains a concentration of 
urea nitrogen equal to that of the blood(1). 
Cannulization of the duct was technically 
possible and practical. The present study 
was carried out in an attempt to lower the 
blood urea nitrogen level in renal failure 
states by the drainage of fluid from the 
thoracic duct. 

From the Department of Oncologic Surgery, Hospital for 


Tu: ors and Allied Diseases, City of Hope Medical Center, 
Du. California. 


MATERIALS AND METHODS 


Five patients with far advanced neoplastic 
disease and renal failure were studied. Four 
patients had bilateral ureteral obstruction in 
some degree, with or without superimposed 
pyelonephritis. One patient had severe 
hepatic failure and renal shutdown. 

The operative procedure (Fig. 1) was 
routinely carried out under local anesthesia. 
An incision was made in the left side of the 
neck just above and parallel to the clavicle 
and extending from the midline laterally for 
about 6 centimeters. ‘The sternocleidomas- 
toid muscle was divided, and the jugular 
vein was exposed. The vein was then re- 
tracted medially, and the thoracic duct was 
identified near its entrance into the jugular- 
subclavian junction. Milk and cream given 
preoperatively aided in this identification. A 
small polyethylene catheter was passed into 
the duct in a retrograde manner and was 
tied in place. The incision was then closed 
and the catheter fastened securely to prevent 
dislodging. The fluid was collected in a bed- 
side bottle by free gravity drainage and was 
replaced volume for volume by the intra- 
venous administration of plasma. Whole 
blood and other supportive measures were 
employed as indicated by the patient’s pri- 
mary disease. At the expiration of the study 
the catheter was simply pulled out. In no 
patient did a fistula develop following the 
removal of the plastic tube. 


REPORT OF CASES 


Case 1. B. O., a 61 year old white female with ad- 
vanced recurrent carcinoma of the ovary, was ad- 
mitted with bilateral partial ureteral obstruction and 
pyelonephritis. Over a period of 4 days her blood urea 
nitrogen rose from 90 to 145 milligrams per cent, and 
the patient showed the typical clinical picture of 
uremia (Fig. 2). Thoracic duct catheterization was 
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Fic. 1. Thoracic duct cannulation. 


carried out. In 8 days the blood urea nitrogen was 
reduced to 58 milligrams per cent and the symptoms 
of uremia had disappeared. As the flow of thoracic 
duct fluid decreased, the blood urea nitrogen leveled 
off at approximately 60 milligrams per cent. After the 
removal of the catheter in 13 days, the patient was 
discharged home much improved. 

Casr 2. L. H., a 50 year old white female, was 
admitted with a diagnosis of recurrent carcinoma of 
the rectosigmoid colon. During her terminal care 
bilateral partial ureteral obstruction developed with 
superimposed pyelonephritis. A thoracic duct catheter 
was inserted and a total of 8,530 milliliters were ob- 
tained in 6 days. At the onset the blood urea nitrogen 
was 79 milligrams per cent (Fig. 3). On the fifth day it 
was 27 milligrams per cent. Her general condition and 
mental status improved during this period. On the 
sixth day the catheter was removed. The blood urea 
nitrogen remained at approximately 50 milligrams 
per cent until the patient’s death of her primary dis- 
ease 3 days later. 

Case 3. T. L., a 59 year old white female, was ad- 
mitted in uremic stupor with a blood urea nitrogen of 
110. She had far advanced carcinoma of the cervix, 


TABLE I.—RESULTS OF STUDIES IN 5 PATIENTS 


with a nonfunctioning left kidney and pyelonephrii 
of the right kidney. Coma, uremic frost, and convu. 
sions developed on the day following admission. 4 
thoracic duct catheter was inserted. At this time th: 
blood urea nitrogen was 115 and the thoracic duc 
urea nitrogen was 125 milligrams per cent. The follov. 
ing day these values had fallen to 110 and 108 mill. 
grams per cent respectively, and her blood ammonii 
had fallen from 6.8 to 4.4. The patient became con. 
scious and alert, and her convulsions ceased. Her con- 
dition continued to improve and on the second da; 
her blood urea nitrogen was 103, thoracic duct ure: 
nitrogen was 97, and blood ammonia 0.2. On the 
third day, the blood urea nitrogen was 105 and th: 
catheter was removed. Her condition worsened rap- 
idly. On the fourth day she relapsed into coma ant 
convulsions and died. A total flow of 8,220 milliliter 
of thoracic duct fluid containing 9.45 grams of ure: 
nitrogen was obtained. 

Case 4. J. S. was a patient with severe hepatic 
failure and renal shutdown who lived only 40 hours 
after the cannulization. The flow of thoracic duct fluid 
measured 1,150 milliliters and his blood urea nitrogen 
dropped from 150 to 120 milligrams per cent. 

Case 5. H. J. was a patient whose study was a 
functional failure because of inadequate flow of tho- 
racic duct fluid, and no significant data can be pre- 
sented. Daily output of thoracic duct fluid was less 
than 100 milliliters. Her blood urea nitrogen contin- 
ued to climb, and her general condition deteriorated 
without any period of improvement. 


The present day treatment of anuria is 
essentially an attempt to maintain the pa- 
tient in physiologic balance until kidney 
function returns. One of the problems is the 
development of a rising blood urea nitrogen 
and the symptoms of uremia which if un- 
checked may be fatal before spontaneous 
recovery occurs. Since no method of stimu- 
lating the earlier return of kidney function 
has been successful, attention has turned to 
the elimination of nitrogenous waste prod- 


ucts through extrarenal routes. Thoracic } 
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Length of time Pretreatment BUN, Final Drop in Clint ; 
Case No. duct drained, days Volume ml. mgm./ 100 ¢.c. blood BUN BUN course 
1. BO. 13 10085 145 65 80 Improve 
2. L.H. 6 8530 80 27 53 Improve ' 
TAL. 4 8220 115 103 12 Improve 
4. J.S. 123 1150 150 120 30 Unchang ‘d 
Average 6.2 6999 123 79 44 
5 150 189 
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route of excretion when, during studies on 
the chemotherapy of neoplasms by retro- 
grade injection into the duct, the fluid was 
found to be cell poor and to contain con- 
centrations of uric acid, urea nitrogen, and 
ammonia equivalent to those in the blood. 

The method used is simple, safe, and un- 
complicated. Since only local anesthesia is 
used, the procedure may be carried out on 
quite ill patients with no untoward effects. 
The only equipment necessary is a small 
gauge polyethylene catheter which drains 
into a bedside bottle by gravity. The fluid is 
replaced volume for volume with plasma. 
No electrolyte imbalance was encountered. 
On occasion, the fluid was found to have a 
hematocrit as high as 3.5 volumes per cent 
and an occasional blood transfusion was 
necessary to replace this loss. The catheter 
may be pulled out on completion and no 
fistula resulted even in those cases of an 
active flow at the time of removal. 

The failure to obtain a significant amount 
of flow in 1 patient was believed to be due to 
her primary disease and its complications. 
She had had a cardiac arrest and her blood 
pressure was being maintained artificially. 
A normal flow was obtained at first but 
ceased within a few hours. 

From previous studies on thoracic duct 
cannulation, it is known that about 15 per 
cent of people have right sided ducts. When 
there are metastatic nodes in the supra- 
clavicular area, the duct may be obliterated 
or distorted sufficiently to make cannulation 
impossible. It follows that there will be a 
certain number of cases (20 per cent) in 
which the procedure will be a technical 
failure. 

lhe flow of fluid obtained in the 4 pa- 
tients studied averaged 1.7 milliliters per 
minute aud was maintained for an average 
of ».2 days, the longest being 13 days (‘Table 
1) It would appear that the greatest flow 
oc: urs in the first 3 to 4 days and decreases 
al'er this period. 

(he concentration of urea nitrogen, uric 
ad, and ammonia parallels that of the 
b ood. An average decrease in blood urea 
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Fic. 2. Thoracic duct drainage and blood urea 
nitrogen in Case 1. 


nitrogen of 44 milligrams per cent was ob- 
tained, the greatest being 80 milligrams per 
cent. The greatest drop would appear to 
take place in the first 4 days with a decrease 
the first day of 20 to 25 milligrams per cent 
in 3 of the 4 cases. The drop is perhaps more 
significant in view of the rising blood urea 
nitrogen when thecannulation was under- 
taken. The uric acid was found to average 
8.5 milligrams per cent at onset and to de- 
crease to 5.5 milligrams per cent, roughly 
paralleling the decrease. in blood urea 
nitrogen. 

Other electrolytes were studied but showed 


BUN/g % 


cc. 


0 2 4 6 8 Ww 
DAYS 


Fic. 3. Thoracic duct drainage and blood urea nitro- 
gen in Case 2. 


ini = 


it. 
ly was a 
v of tho- 
75 
| 
65 | 
| 
55 
| 
45 : 
35 j 
; 
i 
i 25° DURATION OF 
i 2000 DRAINAGE —>, 
i 
4 1500 
1000 
& ! | 
500 
e 


ws 


358 Surgery, Gynecology & Obstetrics « September 1959 


no significant changes. The average blood 
potassium was 5.4 milliequivalents (range 4.9 
to 5.9) at the initiation of the study and 
dropped to an average value of 4.0 milli- 
equivalents (3.7 to 4.4) when the blood 
urea nitrogen was at the nadir. The total 
protein of the thoracic duct fluid ranged 
from 50 to 65 per cent of the blood, being 
greater in those patients taking an oral diet. 
The bilirubin in 2 cases studied was not 
changed. 

Because of the critical condition of the 
patients, no body weights were obtained 
during the study. However, in each case the 
blood urea nitrogen was rising in spite of 
precatheterization hydration. There was no 
suggestion of increased body fluid during the 
thoracic duct drainage period, either clini- 
cally or as evidenced by changes in the 
hematocrit. 

Clinical evaluation was somewhat en- 
couraging. Three patients showed clinical 
improvement in the uremia, paralleling the 
lowered blood urea nitrogen. One patient 
(Case 1) improved markedly and had suffi- 
cient kidney function return to maintain her 
blood urea nitrogen at a lower level. She 
was discharged home improved. One of the 
patients with hepatic failure died 40 hours 
after catheterization. The lowered blood 


urea nitrogen was not paralleled by clitical 
improvement. In no case was there a quali- 
tative or quantitative change in the urinary 
output to account for the decrease in blood 
urea nitrogen. L. H.’s urinary output varied 
from 575 to 1,225 cubic centimeters per 24 
hours with a total urea output 0.2 to 0.6 
gram per 24 hours. 


CONCLUSION 


Four cases are reported in which drain- 
age of thoracic duct fluid by polyethylene 
catheter was associated with significant low- 
ering of the blood urea nitrogen. The method 
described is simple and safe. There were no 
complications which were attributable to 
the procedure. 

It appears that the blood urea nitrogen 
concentration can be reduced in uremic 
states by continuous drainage of thoracic 
duct fluid. This method may be of value in 
temporarily controlling the rising blood urea 
nitrogen in those cases of anuria in which 
kidney function can be expected to return if 
given adequate time. 
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A STUDY OF THE CAUSES AND PREVENTION OF EDEMA 
OF THE ARM FOLLOWING RADICAL MASTECTOMY 


JOHN P. WEST, M.D., and JOHN B. ELLISON, M.D., New York, New York 


EDEMA OF THE ARM is a common, and occa- 
sionally a most distressing, complication of 
radical mastectomy. Fortunately, in many 
patients the edema is slight and often not 
noted by either the patient or her surgeon. 
In other cases, the enlargement is obvious 
and the patient may complain about the ap- 
pearance of her arm, even though there is no 
serious interference with function. In a few 
cases, the enlargement is disfiguring and of 
such size as to interfere with use of the ex- 
tremity. 

The classification of patients on the basis 
of degree of edema is difficult and, at best, 
inexact. However, the reports summarized 
in Table I indicate that approximately 50 
per cent of the patients studied by the vari- 
ous authors had some edema of the arm. In 
about 10 per cent of the cases the swelling 
was of a marked degree. 

The pathologic changes responsible for 
the edema are not completely clear. It seems 
logical to conclude that the swelling is caused 
by obstruction of lymph channels secondary 
to the axillary dissection. However, venous 
obstruction can also cause edema and may 
be the more important factor in some cases. 
Venograms are useful in demonstrating the 
presence or absence of such an obstruction. 

In neither type of obstruction (venous or 
lymphatic) do we have a completely satisfac- 
tory explanation as to why in one patient an 
enlarged arm develops after radical mastec- 
tomy while another patient with the identi- 
cal operation, and even the same surgeon, 
wil! have a normal arm. 

It is probable that factors which delay 
healing and increase fibrosis interfere with 
the development of new or collateral lymph 
chinnels, and thus cause edema. Halsted, in 
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his original report on the cause and preven- 
tion of postmastectomy edema, emphasized 
the value of a careful closure of the axillary 
wound and modified his incision so as to pre- 
vent the formation of a scar across the axilla. 
He also stressed the value of skin grafts in 
covering the chest wall wound so that there 
would be ample skin to close the axilla with- 
out tension or the formation of a dead space. 
It was his belief that, while blocking of the 
lymphatics and occasionally also of the veins 
was the underlying cause of edema, infection 
had a most important role in determining 
the degree of swelling and the time that it 
appeared. Haagensen has reported a low in- 
cidence of serious edema in a series of per- 
sonal cases. In only 4.8 per cent of his pa- 
tients did an increase in diameter of the arm 
of more than 3 centimeters develop. He at- 
tributes this fact to meticulous care of the 
operative wound and the prevention of in- 
fection. Certainly, the role of infection seems 
well proved in those patients who are free of 
edema for months or years, and then an in- 
fection of the arm develops which is prompt- 
ly followed by edema. 


CLINICAL MATERIAL 


The remainder of this report is based on a 
study of 104 patients who were available for 
follow-up examination. It is therefore in no 
sense a series of consecutive cases. Approxi- 
mately one-third of the group were private 
cases while the remainder were treated on 
the ward service. The period following sur- 
gery varied from 3 months to 30 years. 

Degree of edema. The cases have been 
placed in 4 groups depending on the degree 
of edema as indicated by comparing the cir- 
cumference of the arms. The classification is 
as follows: no edema—difference of 0 to 1 


ini = 
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Fic. 1. 


Fic. 2. 


Fic. 1. Case 1. Photograph showing degree of enlargement of arm. 
Fic. 2. Case 1. Venogram showing obstruction of axillary vein and marked filling of collateral veins. 


centimeters; slight edema—difference of 1 to 
2.5 centimeters; moderate edema—differ- 
ence of 2.5 to 5 centimeters; marked edema 
—difference of more than 5 centimeters. 

Of the 104 patients, 43 per cent had no 
enlargement of the arm, 26 per cent had 
slight swelling, 21 per cent had moderate 
swelling, and in 10 per cent there was 
marked enlargement of the extremity. 

In order to evaluate various factors, which 


TABLE I.—EDEMA OF ARM AFTER RADICAL MAS- 
TECTOMY 


No edema, Edema, per cent 
Author No. cases percent Slight-moderate Marked 
Nicholson and Grady 230 56 37 7 
Fitts and associates 130 50 42 bf 
Holman and associates 100 30 59 11 
Daland 90 45 48 5.5 
Villasor and Levison 79 35 40 25 
West and Ellison 104 43 47 10 


Authors do not use same criteria for various groups. In general, 
*slight-moderate”’ indicates an increased circumference of 1 to 6 cm. 
“Marked” is usually an increase of more than 5 or 6 cm., but for Vil- 
lasor and Levison means over 4 cm. 


might contribute to the development of 
edema, the cases have been divided into 
three groups. 

Edema in relation to wound healing. Group I. 
—In the first group of 71 patients, all wounds 
healed by primary intention (Table II) and 
the variable factors considered were the 
presence or absence of axillary metastases 
and the use of radiation therapy after opera- 
tion. There were 57 patients without demon- 
strable axillary metastases and in 35 or 61 
per cent of these swollen arms did not ce- 
velop. In 18 patients (25 per cent) the edema 
was slight, while there were 3 patients with 
moderate edema and 1 with marked eden a. 

There were 7 patients with axillary metis- 
tases who did not receive radiation theraj y. 
In 5 of these 7 patients edema did not ce- 
velop. 

In contrast there were 7 patients wi'h 
axillary metastases who did receive radiation 
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Fic. 3. 


Fic. 4. 


Fic. 3. Case 2. Shows edema similar to that of Case 1. 
Fic. 4. Case 2. Venogram shows no obstruction. 


therapy and in 5 of these 7 patients edema 
developed. 

Although the number of cases involved is 
small, these findings suggest that radiation 
therapy increased the incidence of edema in 
this group of patients. 

Group II.—In the second group, wound 
healing (Table III) was delayed in each of 
the 29 cases. Delayed healing was caused by 
infection, necrosis of skin, or the prolonged 
collection of fluid in the axilla. In some cases 
all three factors appeared to be operative. As 
in group I, the variable factors of axillary 
metastases and radiation therapy were used 
to subdivide the groups, but since edema 
developed in 27 of the 29 patients, it is diffi- 


cult to evaluate the role of metastases and 


radiition therapy. However, it is our im- 
pression that radiation therapy may have 
incr -ased the degree of edema in some cases. 

Group III.—Patients in whom edema of 
the arm developed following infection, 


months or years after radical mastectomy, 
were placed in this group. In all cases the 
wounds had healed promptly and without 
complications, and there was no obvious 
edema until cellulitis or similar infection of 
the arm developed. There were only 4 pa- 
tients in this group, but nevertheless, this is 
a most important group for it so clearly em- 
phasizes the role of infection in postmastec- 
tomy edema. 

Edema in relation to type of incision. Fifty-six 
patients, whose wounds healed without com- 
plication and who did not receive radiation 
therapy, were placed into two groups on the 


TABLE II.—EDEMA IN PATIENTS WITH PRIMARY 
HEALING, AXILLARY METASTASES, AND RADI- 
ATION THERAPY 


No. Noedema_ Slight Moderate Marked 
No metastases.... 57 35 18 3 1 
Metastases 
No irradiation . . 7 5 1 i) 1 
Irradiation. .... 7 2 2 1 2 
71 42 21 4 4 
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Fic. 5. 


Fic. 6. 


Fic. 5. Case 3. Shows massive enlargement of arm. 
Fic. 6. Case 3. Venogram shows no obstruction. 


basis of type of skin incision used for the 
mastectomy. In one group of 38 cases, an 
anterior axillary incision was used. ‘Twenty- 
nine (76 per cent) of these patients did not 
have a swollen arm, while 6 patients (15 per 
cent) had slight edema. Two patients had 
moderate edema and 1, marked enlargement 
of the arm. 

In the other group of 18 cases a posterior 
axillary incision was used. In 10 or 55 per 
cent of these patients edema did not develop 
while 6 or 33 per cent were found to have a 
slight degree of edema. One patient had 
moderate edema and another was classified 
as having marked edema. 


TABLE III.—EDEMA iN PATIENTS WITH DELAYED 
HEALING, AXILLARY METASTASES, AND RADI- 
ATION THERAPY 


No. No edema Slight’ Moderate Marked 
No metastases.... 14 1 2 2 
Metastases 
No irradiation... 7 0 2 3 2 
Irradiation... .. 8 1 2 3 
Totals. 5... 29 2 6 14 7 


It is our impression that the type of in- 
cision used had little effect on the develop- 
ment of edema of moderate or marked de- 
gree, but slight edema was a little more 
common with the posterior axillary incision. 

Venous obstruction as a cause of edema. Veno- 
grams were done of 10 patients with varying 
degrees of edema. In only 1 case was there 
evidence of obstruction to the venous blood 
flow from the arm. This patient had proved 


supraclavicular metastases 5 years after mas-} 


tectomy and received radiation therapy. ‘! he 
edema developed after the nodes had «lis 
appeared and has increased in the past ‘ew 


months. The appearance of the arm is shown} 


in Figure 1, and the venogram (Fig. 2) shows 
obstruction of the axillary or subclavian \ ein 
with extensive filling of the collateral venous 


channels. In contrast to this are 2 cases il! us-} 
trated in Figures 3, 4, 5, and 6. One has a} 
similar degree of edema but no obstruction 


to the venous return and the other paticnt. 
with a huge arm, also fails to show venous 
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obstruction. These studies suggest that ve- 
nous obstruction is a rare cause of postmas- 
teclomy edema. 


SUMMARY AND CONCLUSIONS 


1. Edema of some degree is likely to de- 
velop in approximately 50 per cent of pa- 
tients subjected to radical mastectomy. In a 
large majority of the cases the edema does 
not seriously affect the appearance or use of 
the arm. A marked degree of enlargement 
develops in 5 to 10 per cent of patients. 

2. Delayed wound healing caused by skin 
necrosis, infection, or the prolonged collec- 
tion of fluid in the axilla appeared to be the 
most important cause of edema in the cases 
reviewed. 

3. The role of radiation therapy was diffi- 
cult to evaluate but it was thought to be a 
minor causative factor in some Cases. 

4. The type of incision used did not appear 
to have a significant influence on the devel- 


opment of edema of moderate or severe de- 
gree. 


be the pathologic basis for the edema in most 
cases. Only 1 of 10 cases studied by venog- 
raphy showed evidence of venous obstruc- 
tion. 
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INDICATIONS FOR OOPHORECTOMY IN CARCINOMA OF 
THE GASTROINTESTINAL TRACT 


D. F. RENDLEMAN, M.D., and R. K. GILCHRIST, M.D., F.A.C.S., Chicago, Illinois 


In 1938, resection of the involved portion of 
the bowel was performed in a 28 year old 
white female with an adenocarcinoma of the 
sigmoid colon and extension into the serosa 
and 5 regional nodes. Subsequently, a symp- 
tomatic metastatic lesion of the right ovary 
developed for which a second operation was 
performed, and, finally, a third operation was 
carried out for a similar metastatic lesion of 
the left ovary. Had the ovaries been removed 
at the original operation, two major oper- 
ations would have been avoided. This case, 
plus a number of others, raised the question 
as to whether oophorectomy should be per- 
formed at the time of bowel resection for 
carcinoma. 

In 1896, Krukenberg described a primary 
tumor of the ovary which he called fibrosar- 
coma ovarii mucocellulare (carcinoma- 
todes). This tumor, usually bilateral and of 
varying size, gave a nodular but smooth sur- 
face to the ovaries. Microscopically, the 
tumor consisted of large vacuolated mucin- 
containing cells with the nucleus pushed to 
one side. These cells were arranged in a 
dense stroma of spindle shaped fibrous cells. 
Credit is given to Schlagenhaufer for deter- 
mining the epithelial origin of these tumors 
and their metastatic nature; however, the 
term Krukenberg tumor has persisted. In re- 
cent years there has been controversy as to 
what constitutes a Krukenberg tumor. Some 
authors include under the term all metastatic 
cancers of the ovary from the gastrointestinal 
tract and other epithelial sources, while 
others believe the term should be restricted 
to those tumors meeting the gross and mi- 
croscopic criteria of Krukenberg. Our dis- 
cussion includes all metastatic cancer of the 
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ovary arising from gastrointestinal tract car- 
cinomas. 


CLINICAL MATERIAL 


In the past 10 years at the Presbyterian 
Hospital, there have been 13 cases of sec- 
ondary ovarian cancer in patients operated 
upon for carcinoma of the gastrointestinal 
tract. In 10 of these cases the original oper- 
ation was performed on our service. The ages 
of these patients ranged from 35 to 63 years. 
Five of the patients were premenopausal and 
8 were postmenopausal. The primary sites of 
the carcinomas were as follows: stomach, 2, 
with extension to serosa and lymph nodes in 
both; descending colon, 3, with extension to 
serosa in 1 and to lymph nodes in 1; sigmoid, 
4, with extension to serosa in 4 and to lymph 
nodes in 3; rectum, 4, with extension to 
serosa in 4 and to lymph nodes in 2. In all 
but 1 case the presenting symptoms were due 
to the primary tumor. In 5 of the cases, 
ovarian metastases were recognized and 
were proved to be present at the time of the 
original surgery. In the remaining 8 cases, 
there was no gross evidence of distant me- 
tastasis and clinical signs of ovarian involve- 
ment developed at intervals ranging from 13 
to 54 months following the bowel surgery. 
Because of symptoms, re-exploration was 
carried out in all of these cases and ovariai: 
metastasis was proved. In 6 cases _ there 
was bilateral ovarian involvement and in ~ 
cases unilateral involvement, a total of 1° 
ovarian tumors. Grossly, 14 of the ovariai: 
tumors were cystic, large and nodular, * 
were enlarged and nodular, and 1 appearec 
normal. The largest tumor measured 23 by 
11 by 10 centimeters and contained 1,50 
cubic centimeters of a thick mucoid ma- 
terial. Histologically, the primary tumor wa: 
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well differentiated in 7 of the cases, moder- 
ately well differentiated in 2 cases, moder- 
ately anaplastic in 3 cases, and highly ana- 
plastic in 1 case. The metastatic ovarian 
lesions appeared the same histologically as 
the primary lesion in all cases. In 8 of the 
cases there was involvement of regional 
nodes, and in 11 there was at least micro- 
scopic invasion into the serosal covering. 

In the past 6 years, on our service we have 
performed 102 resections on female patients 
for carcinoma of the gastrointestinal tract. 
Among these cases 42 bilateral oophorec- 
tomies were performed at the time of re- 
section of the primary tumor. Our indica- 
tions for bilateral oophorectomy and the 
number of cases in each group were as fol- 
lows: (1) when one or both ovaries or the 
uterus was adherent to the bowel containing 
the primary tumor, 17 cases, (2) when one 
or both ovaries appeared grossly abnormal, 
13 cases, (3) when the ovaries appeared 
grossly normal but the primary tumor had 
invaded the serosa of the bowel or when 
there were peritoneal implants, 12 cases, and 
(4) in all cases when palliative resection was 
performed in the presence of liver metastasis 
or other evidence of widespread disease. 
These do not include those cases of wide- 
spread metastatic pelvic disease and tumor 
frozen pelves. In this group of 42 cases in 
which oophorectomy was performed, met- 
astatic ovarian disease was found in 3, all 
occurring in patients with abnormal ap- 
pearing ovaries. Using these criteria for 
oophorectomy, we have had no female pa- 
tient of the last 102 undergoing bowel resec- 
tion for carcinoma who required a second 
operation for removal of a metastatic ovarian 
lesion. 


DISCUSSION 


According to the literature, metastatic 
disease of the ovary is rare. It has received 
little attention in the past as a clinical prob- 
len: in the management of patients under- 
going bowel resection for carcinoma. How- 
ever, Our experience with the 13 patients 
meitioned prompted us to consider the 


problem more closely. Since 8 of the 13 pa- 
tients were beyond the menopause, it would 
appear that ovarian function to the extent of 
producing ovulation is not necessary or even 
a predisposing factor in the development of 
secondary ovarian lesions. All but 2 of the 
patients were in the fifth or sixth decade. 
This observation coincides with the findings 
of Karsh and others. Diddle and Leffel have 
emphasized that the large bowel and stomach 
are 2 of the more common sites of primary 
tumors metastasizing to the ovary. Since ap- 
proximately 75 per cent of bowel cancers 
arise in the sigmoid and rectum, it is not 
surprising that these areas represented the 
primary site in the majority of cases. How- 
ever, it is interesting to note that not a single 
ovarian metastatic lesion arose from a pri- 
mary tumor in the right half of the colon. No 
attempt was made to determine the mode of 
spread of these lesions; however, most au- 
thors agree that secondary lesions may arise 
as a result of lymphatic or blood stream me- 
tastasis or by peritoneal implant or direct ex- 
tension. Major has demonstrated metastatic 
tumor cells in the pulmonary artery in 1 of 
his cases and Jarcho has emphasized retro- 
grade lymphatic extension. It is probably 
significant that in 8 of our 13 cases involve- 
ment of regional lymph nodes was noted, 
and that in 11 cases there was invasion to 
and including the serosal covering. 

Histologically, 7 of the 13 primary lesions 
were well differentiated adenocarcinomas 
with varying degrees of mucus production. 
Hass and Baker as well as Boyd have pointed 
out the frequent association of mucoid ade- 
nocarcinomas of the bowel and metastasis to 
the ovary. 

We believe that it is of special interest that 
8 of these patients with ovarian metastasis 
had grossly normal ovaries at the time of the 
original bowel surgery. However, if we had 
applied the same criteria for oophorectomy 
in these 8 cases that were used in our last 102 
cases, only the 2 patients with no serosal in- 
vasion would have had to undergo a second 
operation. The time interval of 13 to 54 
months before the metastatic lesions became 
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apparent reveals the frequent slow growing 
nature of these tumors. 

The rich lymphatic intercommunication 
between the ovaries is well known and the 
fact that metastatic tumor to the ovaries is 
frequently bilateral has been established by 
many. Since 6 of our 13 patients had bi- 
lateral involvement, 2 of whom had under- 
gone unilateral oophorectomy only to return 
with involvement of the other ovary, it would 
appear that a_ bilateral oophorectomy 
should be performed. 

In discussing the criteria now used for 
oophorectomy, we believe that en bloc re- 
moval of the primary tumor and the involved 
ovaries when they are bound together is indi- 
cated, the exception being those cases in 
which the pelvis is a mass of tumor and there 
is fixation of all pelvic structures when no 
resection is done. When the surgeon is faced 
with a bowel carcinoma associated with an 
abnormal ovary the difficulty is considerable 
in deciding whether the abnormality repre- 
sents a metastatic spread or merely a benign 
pathologic condition. Since biopsy of these 
lesions is impractical because of possible 
local spread of tumor cells, an oophorectomy 
is indicated. It is significant that in 11 of the 
13 cases which we have reviewed there was 
serosal involvement by the primary tumor, 
and we are using this as an indication for 
bilateral oophorectomy. We have been en- 
couraged that by using these criteria for 
oophorectomy no female patient out of the 
last 102 undergoing bowel resection for carci- 
noma has required a second operation for 
symptomatic metastatic ovarian disease. 


SUMMARY 


1. In the past 10 years, 13 patients have 
had metastasis to the ovary or ovaries sec- 
ondary to carcinoma of the stomach or colon. 
Five oophorectomies were performed at the 
time of the bowel resection, and in the other 
8 cases the ovaries were removed for sympto- 
matic metastasis 13 to 54 months following 
the original resection. 

2. Five of the patients were premeno- 
pausal and 8 postmenopausal, the youngest 


being 28 years old and the oldest 63 years. 
3. In 6 of the 13 patients both ovaries con- 
tained metastases. 


4. Histologically, the tumor was well cif- | 


ferentiated in 7 patients. 

5. In 11 of the 13 cases there was gross or 
microscopic invasion of the serosa of the 
bowel. 

6. Eight of the 13 patients had proved me- 
tastasis to regional lymph nodes. 

7. Bilateral oophorectomy was performed 
on 42 of the last 102 female patients having 
resection for carcinoma of the stomach or 
colon. Three of these had metastasis in one 
or both ovaries. 


CONCLUSIONS 


Our indications for bilateral oophorecto- 
my at the time of bowel resection are: 
(1) when an ovary or the uterus is adherent 
to the bowel containing the primary tumor; 
(2) when one or both ovaries appear grossly 
abnormal; (3) when the ovaries appear 
grossly normal but the primary tumor has 
invaded the serosa of the bowel, or when 
there are peritoneal implants; (4) when a 
palliative resection is performed in the pres- 
ence of liver metastasis or other evidence of 
widespread disease. 

When these criteria were used in 102 fe- 
male patients in the last 6 years, none has re- 
quired a secondary operation for removal of 
symptomatic metastatic ovarian lesions. 


REFERENCES 


1. Boyp, W. Pathology for the Surgeon. 7th ed. P. 395. 
Philadelphia: W. B. Saunders Co., 1955. 

2. Dipper, A. W. Krukenberg tumors, diagnostic prob- 
lems. Cancer, 1955, 8: 1026. 

3. Hass, G. M., and Baxer, H. L. Relations between 
pseudomucinous cystadenocarcinoma of the ovary 
and metastatic tumors of the colon. Proc. Inst. MV. 
Chicago, 1950, 18: 122. 

4. Jarcuo, J Further studies of the Krukenberg tumor 
of the ovary. Am. J. Surg., 1938, 41: 538. 

5. Karsu, J. Secondary malignant disease of ‘he 
ovaries. Am. J. Obst. Gyn., 1951, 61: 154. 


6. KRUKENBERG, F. Ueber das Fibrosarcoma Ov wrii 


mucocellulare (Carcinomatodes). Arch. Gyn., Bc'l., 
1896, 50: 287. 

7. Lerrer, J. M., JR., Masson, J. C., and Docker ‘y, 
M. B. Krukenberg tumors. Ann. Surg., 1942, 1/5: 
102. 

8. Mayor, R. H. A study of the Krukenberg tumor. 
Surg. Gyn. Obst., 1918, 27: 195. 


: 
A 
for 
this 
fort 
soll 
tak 
san 
ma 
for 
| 
col 
tes 
Tv 
acl 
At 
ex 
lin 
| 
th 
on 
for 
tic 
tu 
th 
st 
= of 
a: 
to 
at 
ck 
ti 
“ie 


years. 
es Con- 


ell clif- 


ross or 
of the 


ed me- 


ormed 
laving 
ach or 
in one 


recto- 
1 are: 
herent 
umor; 
zrossly 
|ppear 
or has 
when 
hen a 
> pres- 
nce of 


02 fe- 
las re- 
val of 
ns. 


ic prob- 
yetween 
ovary 
nst. VM. 


of ‘he 


Ov 


Berk, 


SKER TY, 
2, 115: 


tum or. 


ACETIC ACID-SOLUBLE COLLAGEN IN HUMAN SCARS 


A SIMPLE METHOD has been described (1, 2) 
for estimating the relative amount of acetic 
acid-soluble collagen within a tissue. With 
this method it has been shown that a uni- 
form change in the amount of acetic acid- 
soluble collagen in human abdominal skin 
takes place with advancing age (2). This 
same method has now been applied to hu- 
man scars, and abdominal skin from the 
same individual has been used as a base line 
for comparison. 


METHODS 


Scars and unscarred abdominal skin were 
collected at postmortem examination and 
tested for the presence of soluble collagen. 
Two-tenths gram of tissue was treated with 
5 cubic centimeters of 0.1 per cent acetic 
acid for 24 hours at about 9 degrees C. 
About 1.5 cubic centimeters of the resulting 
extract were then placed in a 10 by 75 mil- 
limeter test tube and sodium chloride crys- 
tals, about 0.3 gm., were added. The rela- 
tive amount of collagen in solution could 
then be estimated as 0 to 4+ depending up- 
on the amount of collagen precipitate which 
formed. The precipitate is characteristically 
white, fibrillar, and lighter than the solu- 
tion. A few strands floating to the top of the 
tube, the precipitate reading was a 1+, 
a veil over the salt subsequently floating to 
the top, a 2+, and a heavy precipitate 
sticking to the salt, a 3+. A concentration 
of collagen in solution high enough to form 
a gel around the salt causing all the granules 
to clump was a 4+. This method was easy 
anc! sufficiently accurate to detect significant 
changes in this collagen fraction within the 
tissiies, 

Since the amount of acetic acid-soluble 
collagen in the skin varies among indivi- 
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duals, it was necessary to relate the amount 
of collagen extracted from the scar to that in 
the skin of the same individual before a com- 
parison between scars from different in- 
dividuals could be made. To do this the 
plus reading for the abdominal skin, the 
base line, was subtracted from the plus 
reading for the scar. This difference was 
used for following the change in the acetic 
acid-soluble collagen in the scars as they in- 
creased in age. 

Most of the scars were obtained from the 
abdomen, and the data were analyzed first 
using only abdominal scars; however, when 
scars from all sites were included the results 
were essentially the same. 


RESULTS 


In Figure 1 are the results for 60 scars. 
Each block represents the plus reading for 1 
scar after the corresponding skin reading 
had been subtracted. There was a lag pe- 
riod of 13 days during which no essential 
difference appeared. At about 16 days there 
was a definite increase in the acetic acid- 
soluble collagen with a 2+ difference in 4 
out of 5 cases. At 60 days, in the majority of 
the scars, there was a pronounced rise in 
the acetic acid-soluble collagen. There was 
a 3+ difference in 14 out of the 21 scars 
which were 60 days to 1214 months old. In 
this group a difference was found in all in- 
stances. At 1214 months there was a sharp 
decline in the amount of acetic acid-ex- 
tractable collagen in the scar and after 1214 
months a 3+ difference was never found. 
Sixty-four per cent of the older scars, how- 
ever, still retained a higher concentration of 
acetic acid-soluble collagen than the un- 
scarred skin. 

The lower graph in Figure 2 shows in per 
cent the actual plus readings obtained on 
the samples of scars which had been made 
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Fic. 1. Difference in the concentration of acetic acid- 
soluble collagen in scars and in unscarred abdominal 
skin. Each block represents a single scar. The difference 
was obtained by subtracting the plus reading for the pre- 
cipitate of the skin from that of the scar. In all instances 
the difference was 0 or positive as noted in the numbers 
beneath each column. The age range of the scars in the 
columns is at the bottom of the chart. 


more than 12!4 months previously. The 
upper graph consists of the data for the ab- 
dominal skin of the individuals from whom 
the scars were taken. In 42 per cent of the 
samples of skin no acetic acid-soluble colla- 
gen could be extracted within 24 hours. In 
17 per cent there was a 1+ precipitate, in 
38 per cent a 2+, and in 3 per cent a 3+. 


42% 
17% 
3% 
2 3 
SKIN 
68% 
15% 
10% 
2 3 
SCAR 


Fic. 2. Comparison of acetic acid-soluble collagen con- 
centration in scars greater than 1214 months of age with 
that in the abdominal skin of the individuals from whom 
the scars were taken. Columns represent the percentage 
of samples in which the extracts yielded a precipitate 
corresponding to the plus reading indicated beneath 
each column. 


The scars, on the other hand, had a much 
lower number, 10 per cent, in which no col- 
lagen could be extracted. There was a much 
higher percentage, 68 per cent, with a 2+ 
precipitate and 15 per cent with a 3+. Asa 
group, then, the amount of acetic acid- 
soluble collagen in the scars more than 
12% months old was greater than in ab- 
dominal skin. 


DISCUSSION 


Previous experience with this method 


using abdominal skin collected at post- 


mortem examination has shown that there 
is a sharp diminution in the amount of ace- 
tic acid-soluble collagen in the skin at | 
year of age. By 20 years of age the skin col- 
lagen that can be extracted with 0.1 per 
cent acetic acid in 24 hours disappeared in 
28 per cent of individuals. There was a 
sharp decrease in the percentage of positive 
skin extracts between 20 and 30 years of age 
continuing until 40. There is then a gradual 
rise in the percentage of skin extracts yield- 
ing soluble collagen reaching 80 per cent 
between 60 and 80 years of age followed 
again by a decline. The curve is U shaped 
between 1 and 80 years of age with a high 
percentage of positive skin extracts in the 
youngest and oldest age groups and _ the 
lowest percentage between 30 and 40 years. 
The collagen of the scars at about 12% 
months after initiation of the scar behaves 
as the normal skin does at 1 year after birth. 
That is to say, there is a sharp diminution 
in the amount of acetic acid-soluble collagen 
in the scar at that time. Some condition is 
present at birth and shortly after a scar is 
formed which persists for approximately 1 
year and is then terminated. After 1 year, 
the parallel ceases. ‘The amount of soluble 
collagen in normal skin continues to drop 
whereas that of the scar tissue remains a! a 
higher level. In fact, the soluble collagen in 
the scars corresponds to that in the skin of 
individuals in the 1 to 10 year age group. 
Taken as a group then, the collagen in t ie 
scars remains in a relatively young state 1s 
far as acetic acid-solubility is concerned. 
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Probably even more significant was the 
diiference in solubility between the collagen 
of the skin and scars over 1214 months old. 
The amount of acetic acid-soluble collagen 
in 64 per cent of the scars of this age was 
1 or 2+ greater than in the skin. 

Although the meaning of acid solubility 
is not completely clear, at least in some 
instances it indicates the age of the collagen. 
After administering labeled glycine to 
guinea pigs the highest concentration is at 
first found in the most soluble fraction of 
collagen, as shown by Orekhovich and 
associates. As the guinea pigs age, however, 
the higher concentrations occur in pro- 
gressively less soluble collagen fractions. 
Neuberger and associates measured the 
labeled glycine uptake by collagen in rat 
tendons and found that it was high during 
the period of growth but after maturation 
it was extremely slow. 

Though many experiments have been 
performed indicating that collagen once 
formed remains stable and that a_pro- 
collagen or soluble collagen precedes the 
development of an older insoluble collagen, 
experiments to determine exactly the signifi- 
cance of acid solubility have not been done. 
Does the solubility of the collagen in dilute 
acetic acid always parallel the age of the 
collagen, the most soluble being the young- 
est? For instance, in the rat, collagen from 
different sites has different solubilities. That 
in the tail tendon is more soluble in dilute 
acetic acid than the collagen in the ab- 
dominal skin which in turn is more soluble 
than the collagen in the back skin, which 
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is more soluble than the Achilles tendon 
collagen. Do these differences in acetic 
acid-solubility still mean that the collagen 
which is most soluble is the youngest and 
occurs in highest concentration in those 
tissues which are the most metabolically 
active? The significance of the present ob- 
servations in explaining .the dynamics of 
scar formation and the subsequent history 
of the scar will depend upon the answers to 
such questions. 


SUMMARY 


The amount of collagen soluble in 0.1 
per cent acetic acid in a scar shows an in- 
crease in comparison to the amount found 
in the normal skin at 16 days after wound- 
ing. At 60 days there is another increase in 
this collagen fraction which remains high 
for 1214 months when there is a sudden 
decrease. The amount of acetic acid-soluble 
collagen then remains about constant even 
up to 40 years. Though there is a decrease 
in the soluble collagen in most scars at 12144 
months, the amount usually remains greater 
than in the skin. 
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THE ROLE OF RADICAL SURGERY IN THE TREATMENT 


OF ABSCESS OF THE BRAIN 


H. THOMAS BALLANTINE, JR., M.D., F.A.C.S., and C. NORMAN SHEALY, M.D., 


Boston, Massachusetts 


AT THE PRESENT TIME available evidence 
leads to the conclusion that the morbidity 
and mortality from brain abscess can be 
further reduced by the adoption of a general 
policy of early complete surgical excision of 
the lesion. The favorable influence of the 
antibiotics upon the results of therapy for 
brain abscess at the Massachusetts General 
Hospital was recorded in 1953 by Ballantine 
and White; other authors have reported sim- 
ilar experiences. However, the subjects of 
when and how to attack surgically these 
expanding space-taking septic masses re- 
main problems upon which opinions differ. 
Some authors evidently believe that opera- 
tion can be indefinitely deferred so long as 
the condition of the patient is “‘satisfactory”’ 
and that a certain waiting period is impera- 
tive to allow for firm encapsulation of the 
abscess. Cont*adictory views on these points 
are firmly held by others. 

The most dogmatic assertions are reserved 
for the methods of surgical attack upon brain 
abscesses. Aspiration of the abscess as often 
as may be required for subsidence of symp- 
toms is currently favored by many, while 
others believe that aspiration should be fol- 
lowed by excision some weeks later. Some 
surgeons advocate various methods of surgi- 
cal attack dependent upon the location of the 
abscess or the state of encapsulation. Finally, 
there are a few, ourselves included, who are 
of the opinion that total excision is the pro- 
cedure of choice and that the less definitive 
methods of surgical treatment should be 
reserved for special cases. 


From the Massachusetts General Hospital, Boston. 
Dr. Shealy is a fellow of The National Foundation for Infan- 
tile Paralysis. 
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We propose to examine these controversial 
points in the light of our experiences with 
the treatment of brain abscesses at the Massa- 
chusetts General Hospital during the period 
between January 1, 1946 and January 1, 
1956. All abscesses proved by operation or 
autopsy have been reviewed and are tabu- 
lated for 3 five year periods: January 1, 
1936 to January 1, 1941 (for comparison 
with the “preantibiotic era”), January 1, 
1946 to January 1, 1951, and January 1, 
1951 to January 1, 1956 (Table I). In order 
to evaluate the relative incidence, we have 
included the total number of neurosurgical 
procedures during these periods from which 
it appears that there are fewer brain ab- 
scesses since the advent of antibiotics. 

Ear, sinus, and lung infections have for- 
merly been the chief predisposing causes for 
brain abscess; but in later years there are 
fewer of these (Table II). There has been, 
however, recent increase in sepsis secondary 
to so-called ‘“‘clean’”’ craniotomy; 4 of the 6 
such abscesses in the 10 year period under 
consideration were due to Staphylococcus 
aureus. We have excluded from further con- 
sideration the earliest series of cases because 
of the well-known improvement in results 
since the introduction of the antibiotics. 
Postoperative brain abscesses and those <°c- 
ondary to compound skull fractures hive 
also been excluded because of the unus tal 
problems involved in their treatment and ‘he 
difficulty of determining the exact caus« of 
death when it occurs. 

Cultures were done on all abscesses : nd 
revealed mixed infections with varying 0r- 
ganisms in 8 cases (Table III). In anoth: r 8 
patients the infecting organism was not 30- 
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lated, although this is not prima facie evi- 
dence of sterility of the abscess. It has been 


' shown that previous therapy with antibiotics, 


which occurred preoperatively in 6 of the 
“no growth” cases, may suppress laboratory 
growth of the bacteria by ordinary tech- 
niques. 

The diagnostic studies used in these cases 
were air study, arteriogram, isotope scan, 
and operation (Table IV). In certain in- 
stances more than one maneuver was nec- 
essary because of negative results or in- 
complete localization. In 4 cases the final 
diagnosis was made only at postmortem 
examination. Although there are too few 
cases for statistical significance, it is our im- 
pression that arteriography offers the most 
consistently accurate localization of supra- 
tentorial abscesses. 

There were 15 deaths in the 44 cases. 
Except in 1 case, the cause of death was due 
either to rupture of the abscess into the ven- 
tricles or development of temporal lobe or 
cerebellar tonsillar herniation (for conven- 
ience we will call these ‘pressure coning’’). 
In 5 patients it has been attributed to rup- 
ture into the ventricle. Four of these patients 
were considered moribund preoperatively; 
the fifth was moribund on admission and 
died before operation could be performed. 
Nine patients died of pressure coning. This 
fatal complication developed in 1 patient 
after operation and in another in whom no 
surgery was performed. Two other patients 
whose abscesses were not located by either 
air studies or unsuccessful attempts at aspira- 
tion died following subsequent decompres- 
sion. The other 5 patients had coning pre- 
operatively and failed to recover. The cause 
of death could not be ascertained in 1 pa- 
tient despite a postmortem examination. It 
is worthy of note, however, that no patient 
died as a result of spread of sepsis at the time 
of operation. These figures emphasize clearly 
the necessity for removal of the abscess be- 
fore rupture or coning. 

The reasons for development of these fre- 
quently fatal complications are varied. 
Three patients were admitted to the hospital 


TABLE I.—INCIDENCE OF BRAIN ABSCESSES AT 
MASSACHUSETTS GENERAL HOSPITAL AS COM- 
PARED WITH TOTAL NUMBER OF NEUROSURGI- 
CAL PROCEDURES 


No. of No. of — Rate/1000 
Dates abscesses operations operations 
1936 to 1941 2173 14.3 
1946 to 1951 3385 8.6 
1951 to 1956 3367 6.8 


in coma with relatively long histories of 
neurologic illness. Four patients were ad- 
mitted in fairly good condition but coning 
developed or rupture occurred during a 
delay before operation. Two patients died 
without neurosurgical management. In 2 pa- 
tients unsuccessful attempts to find the ab- 
scess were followed by death of the patients. 
In 4 patients the surgical procedure did not 
afford adequate drainage to prevent the fatal 
complications. As mentioned previously, 
coning developed in 1 patient with cerebral 
edema after excision of the abscess. 

The necessity for early operation is seen 
also in a consideration of the surgical mor- 
tality of brain abscess in relation to the clini- 
cal state of 40 patients immediately prior to 
operation. Of 21 patients whose preoperative 
condition was good to fair, 18 lived and 3 
died. Of 19 patients whose preoperative 
status was poor to moribund, 11 lived and 8 
died. Eleven patients (27.5 per cent of the 
group) died. The 4 patients in whom the 
abscess was found only at autopsy are not 
included. The poor risk group consists of 
patients in coma, in many cases with signs of 
midbrain or cerebellar pressure due to herni- 
ation of temporal lobes or cerebellar tonsils. 
The most surprising finding, however, is not 
the obvious fact that patients in coma are less 
likely to survive but that 10 of 19 comatose 


TABLE II.—CORRELATION OF ETIOLOGY WITH 
MORTALITY - 


1936-1940. 1946-1950. _1951-1955_ 
No. of No. of No. of 
Etiology patients Died patients Died patients Died 
13 
Metastasis (lung) 


7 

1 

2 

Metastasis (misc.). ... 0 
Skull fracture 0 
5 

8 

23 


yin = 


| 
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TABLE III.—BACTERIOLOGY IN 44 CASES 


No. of 

Organism patients Died 
Staphylococcus 2 0 
Annerobic 5 3 
Alpha hemolytic streptococcus............. 4 1 
Nonhemolytic 3 1 
Beta hemolytic streptococcus.............. 2 0 
Hemophilus influenzae... 2 0 
Proteus and nonhemolytic streptococcus..... 1 0 
Escherichia coli and anaerobic streptococcus, 1 0 
Proteus and Staphylococcus aureus......... 1 1 
Staphylococcus albus and nonhemolytic 

Streptococcus faecalis and Bacteroides...... 1 0 
Escherichia coli and Proteus,.............. 1 0 
Proteus and Streptococcus faecalis.......... 1 1 


patients became so while under observation — 


in our own or other hospitals. 

The 40 cases in which the abscess was 
attacked surgically have been grouped ac- 
cording to the primary procedure which was 
intended by the surgeon as definitive treat- 
ment of the abscess. We consider as success- 
ful those cases in which a different procedure 
was not required for eradication of the ab- 
scess. If a different procedure was necessary 
or if the patient died, this is considered a 
failure of the primary method. Some of the 
patients considered failures by aspiration 
(simple tapping with a needle) or evacuation 
(open surgical drainage of the abscess with- 
out removal of the capsule) were cured by a 
subsequent procedure. 

In 10 out of 16 patients aspiration failed 
to produce a cure: 2 of the patients were 
moribund preoperatively and died; 5 of the 
remaining 8 survived following subsequent 
evacuation or excision; but 3 patients died 
because irreversible damage had occurred 
before more adequate drainage was per- 
formed. A most striking case was one in which 
an abscess ruptured into the ventricles only 
6 hours following what was initially con- 
sidered adequate aspiration. 

In 6 out of 10 patients evacuation of the 
abscess failed to produce a cure. One patient 


died without further therapy; 4 of the other 
5 survived following subsequent excision. 

Four of 14 patients treated by primary 
excision died. ‘Two of these were moribund, 
and were receiving artificial respiration be, 
fore operation. One patient failed to recover, 
from a postoperative temporal lobe pressure 
cone, and the cause of death of the fourth 
patient could not be determined even though 
autopsy was performed. 

A comparison of these methods of therapy, i 
in the poor risk (comatose) patients is even) 
more interesting. Aspiration was successful 
in only 1 of 7 cases; evacuation was success- 
ful in 1 of 4 cases; excision was successful in 
5 of 7 cases. 

It seems, then, that excision offers the best 
chance of survival or cure of the individual. 
patient. If, however, excision is the treatment 
of choice, does this procedure carry a risk of 
increased morbidity? The late postoperative 


results in living patients reveal that 3 of 6 


patients treated by aspiration alone were} 


left with considerable neurologic residuals. 


(hemiparesis or aphasia). Evacuation, when | 
successful, resulted in complete recovery. 
Finally, in the excision group, 8 out of 9 
with primary excision had no postoperative 
deficit and the other was improved over his 
preoperative status. On the other hand, of 
the 9 patients with an excision secondary to 
aspiration or evacuation, 8, although im- 
proved, still had residual deficits; and 1 
patient was essentially unimproved neuro- 
logically. To consider the results in a dif- 
ferent manner, there were 11 patients with 
aphasia preoperatively. The condition per- 
sisted in only 1 patient treated by aspiration. 

We have not listed here a comparison of 
the antibiotic therapy used for it varies 
greatly. In general, it has been our practice 


to inject bacitracin or penicillin and strepto- | 
mycin mixed with thorotrast into an abscess | 
either at the time of diagnostic or therapeutic 


aspiration. Postoperatively, patients are 
given penicillin, streptomycin, and chloro- 


mycetin until the results of culture and 


sensitivities are available. In patients with / 


evidence of ventricular or subarachnoid | 
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infection, intrathecal or intraventricular 
antibiotics are used. 

Only 4 of the 40 patients had unencap- 
sulated abscesses at the time of surgery; in 3 
of these coning had developed preoperatively 
and 2 failed to recover despite excision. 
However, operative intervention did not re- 
sult in spread of infection; and the possibility 
of coning in nonencapsulated abscesses is so 
great that delay is dangerous. 

In 1893 William Macewen wrote as fol- 
lows: “‘... an uncomplicated cerebral ab- 
scess early recognized, accurately localized 
and promptly operated upon is one of the 
most satisfactory of intracranial lesions.” 
Our analysis of this current series of brain 
abscesses would seem to support the con- 
verse of his statement: an uncomplicated 
cerebral abscess not recognized early, poorly 
localized, and tardily operated upon is one 
of the most unsatisfactory of cerebral lesions. 
To these 3 criteria for success or failure a 
fourth should be added: the surgical pro- 
cedure must be sufficiently adequate to 
bring about a cure of the abscess. The evolu- 
tion of surgical therapy has been well re- 
viewed by King and Turney who came to 
the conclusion in 1954 that ‘‘... the choice 
operative attack upon most brain abscesses 
by most neurosurgeons is that of complete 
removal.” 

Sargent in 1928 was the first to advocate 
total extirpation of brain abscesses. In 1946, 
early in the antibiotic era, Sachs concluded, 
after reviewing 142 cases, ‘‘. . . excision with- 
out drainage is the ideal procedure.” In the 
same year Fincher also recommended total 
excision. Jooma, Pennybacker, and Tutton, 
in 1951, found an 8 per cent recurrence of 
abscess in patients treated by aspiration or 
drainage. They emphasized the fact that 
aspiration or drainage may not “deal with 
all the loculi” in multilocular abscesses and 
that “many patients treated by aspiration 
will improve clinically, although the abscess 
continues to expand.” 

Botterell in 1952 reported on radical ex- 
cision of ‘‘non-encapsulated”’ brain abscess. 
He also recommends immediate excision of a 


TABLE IV.—DIAGNOSTIC METHODS EMPLOYED IN 


44 PATIENTS 
No. of 
Method patients Success Failure 


cerebellar abscess or of an abscess in which 
there is a complicating ventriculitis or men- 
ingitis. On the other hand, for encapsulated 
supratentorial abscesses he practices re- 
peated aspiration followed by enucleation 
several weeks later. He emphasizes, how- 
ever, that in patients in coma excision should 
be performed if aspiration does not immedi- 
ately relieve the pressure. 

Lewin, in 1955, concluded that aspiration 
is the ‘first treatment of choice.” His statis- 
tics, however, do not bear this out. Eighteen 
patients with excision lived and 7 out of 18 
with aspiration died. 

Gurdjian, in 1957, reported on all types 
of intracranial suppuration. He included 15 
cases of abscess within the substance of the 
brain. His statistics may be broken down for 
comparison with ours as follows: Primary 
aspiration was successful in 7 of 12 cases; 
there were 3 deaths. Evacuation was not 
performed in any case. Primary excision 
was used in 2 cases and was successful in 
both. One patient after aspiration had evac- 
uation and died. Three patients after aspira- 
tion had excision and 1 of these died. One 
patient in whom the abscess was not found 
died. Although this number of cases is small, 
we see once again that secondary excision 
may not be as successful as primary excision. 

Later in 1957 Loeser and Scheinberg re- 
ported a review of 99 cases and concluded 
‘“*... the most favorable results were ob- 
tained when the abscess was excised.” 

Although many authors recommend ex- 
cision as a better therapy, many state that 
aspiration should be tried first and that ex- 
cision may be delayed until a well developed 
capsule is present. Although it is safe to 
practice secondary excision in most cases, 
our data have shown that delay between 
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procedures results in death in a few patients 
who might have lived with primary excision. 
Furthermore, it is of even more interest that 
no one has shown that early primary excision 
is more dangerous; in fact, in our series, pri- 
mary excision has given even better results 
than secondary excision. 

In summary, an analysis of 44 brain ab- 
scesses at the Massachusetts General Hos- 
pital, 40 of these treated surgically, leads us 
to the following conclusions: 

1. Excision offers the best chance for cure 
of a brain abscess. 

2. Excision of brain abscesses results in a 
lower morbidity than aspiration. 

3. Neurologic residual deficits occur less 
often in patients with primary excision than 
with secondary excision. 

4. Although aspiration will cure some pa- 
tients, many will require other more radical 
surgery and some will die before other pro- 
cedures can be done. 

5. There is no evidence that surgical inter- 
vention results in spread of sepsis from a 
brain abscess if proper antibiotic treatment 
is used. 


6. Once the diagnosis of brain abscess is | 


made, it should be considered an emergency 
surgical procedure. 
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EDITORIALS 


MISSING THE CHANCE 


MODERN METHODS of communication seem 
to make the world smaller and at the same 
time the opportunities and challenges loom 
larger. In many of the countries of Asia and 
Africa, modern medicine could become for 
them a universal language. Its benefits, 
coupled with food, are understood and ap- 
preciated. A thousand million people in the 
Middle and Far East want and need the 
advantages of modern public health and 
sanitation to decrease the onslaught of 
endemic and epidemic diseases. The meet- 
ing of these needs cannot long wait, and 
our guidance could be of great help. Indeed, 
it is considered reasonable to state that our 
nation’s leadership in medicine presently 
represents a signal area which has not been 
seriously challenged. 

Surgery as an integral of medicine is a 
“person to person” program often saving 
or prolonging life. Such experience is not 
soon forgotten. To reach the people of 
Africa and Asia, American surgery and the 
surgery of the Western World must vastly 
increase its efforts. The organization of 
surgical teams sponsored by medical schools 
to work in most any area where they are 
invited would be a step in the right direc- 
tion. These teams headed by a faculty ap- 
proved member could devote considerable 
of their efforts to the teaching of surgery, 
and one of the objectives might well be the 
selection of native physicians to come to the 
United States for further training. These 


From the Department of Surgery, Walter Reed Army Hospi- 
tal, Walter Reed Army Medical Center, Washington, D.C. 


375 


JAMES H. FORSEE, M.D., F.A.C.S., Washington, District of Columbia 


physicians should then return to their home- 
lands to teach and practice surgery. The 
team members should preferably be rotated 
at intervals of 1 to 3 years. The furnishing 
of adequate facilities, including hospital and 
living quarters, requires considerable finan- 
cial assistance. The sources for such support 
should, it seems, be available if a strong 
effort were made for obtaining such sup- 
port. The vastness of the clinical material 
would challenge the most able and would 
appeal to men at the surgical residency 
level. With faculty supervision, it seems that 
the specialty boards could favorably con- 
sider granting full or partial credit for this 
work toward meeting requirements for cer- 
tification. 

The selection of team members, doctors, 
and nurses should be based on a strong 
motivation to assist the people of Asia and 
Africa. The leaders of surgery in the United 
States include many who have devoted an 
appreciable period of their efforts in these 
areas. They would, it is believed, recognize 
and strongly support the organization by 
medical school faculties of such teams. The 
successful initiation of this program by med- 
ical schools would appear to assure its 
growth. Support from the surgical organiza- 
tions of this country would be a great 
stimulus to this effort. If we fail now to bring 
our surgical know-how to the people of 
Africa and Asia, we may well miss the 
chance and the result may definitely con- 
tribute to an unfavorable altering of our way 
of life. 


if 
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THE TREATMENT OF FRACTURES 


LEONARD F. PELTIER, M.D., F.A.C.S., Kansas City, Kansas 


There is a chaos of knowledge on the subject of 
fractures, and yet, if an inexperienced man were to 
read the record of it all, his very next case of fracture 
might puzzle him. The varieties of fractures are end- 
less, but the principles which should regulate us in 
their treatment are few and simple.! 


Ir 1s primarily due to this endless variety 
that no one has yet succeeded in bringing 
order out of the chaos of our knowledge on 
the subject of fracture, and that at times 
the few and simple principles seem elusive 
and obscure. The object of our treatment is 
to restore normal function with solid union 
and without obvious deformity. The prob- 
lem is, how best to achieve this object with 
the methods at our disposal. The solution 
lies not in a sterile debate over the value 
of closed methods versus operative methods 
of treatment but in considering how the 
surgeon can best obtain the most satis- 
factory result for a particular patient with 
a particular injury. Just as the fractures 
themselves are infinitely varied, so must 
their treatment be thoughtfully individu- 
alized. 

Both closed methods and operative meth- 
ods of treating fractures demand the same 
degree of judgment and skill for their proper 
execution. Some surgeons are reluctant to 
carry out operative procedures on fractures 
because of lack of training or experience, 
while others rely heavily upon operative 
methods of treatment because they are un- 
able to use closed methods of treatment 
effectively. Good results are most consist- 
ently realized by the surgeon who is the 
master of both methods. 

There is no basic conflict between the 
indications for the use of operative methods 
or closed methods of treating fractures; 
rather, they complement one another. 


1Perrson, A. L. Remarks on Fractures. Read at the Annual 
Meeting of the Massachusetts Medical Society, May 27, 1840. 
Boston: Whipple & Damrell, 1840. 


Treatment by closed methods does not | 
superimpose surgical trauma, with dis- | 
turbance of the fracture hematoma and — 
hazard of infection, upon an already in- | 
jured member. There are no retained for- 

eign bodies at the site of fracture. The re- | 
duction of the fracture, however, is often 
inexact, and occasionally it is impossible 
to obtain a reposition of the fragments. 
Since the stability of the reduction depends — 
entirely upon the support of external splints — 
and dressings, unstable fractures may easily 

become displaced after their initial reduc- 
tion. Operative methods permit an exact 
reduction of all fractures. After internal 

fixation there is some degree of internal 

stability at the fracture in addition to that 

supplied by external splinting. In certain | 
fractures osteosynthesis may be so effective 

that no additional support is needed. 

The hazards and complications of opera- 
tive methods of treating fractures are suf- 
ficiently real to make closed methods of 
treatment the methods of choice whenever 
the result cannot be definitely improved by 
operation. In other words, there should 
be positive indications for employing opera- 
tive methods. These are plentiful. Leading 
the list are fractures in which a reduction 
cannot be obtained by closed methods, such 
as a displaced fracture of the patella, of the | 


radial neck or head, or of the capitellum. : 


Fractures involving the articular surfaces — 
of joints require exact reposition which — 
can, in many cases, only be accomplished 
by operative reduction. Fracture disloca- 
tions, almost always unstable, are frequently 
best treated by operation. Displaced intra- 


capsular fractures of the hip are always ; 


surgical fractures. 


Many fractures can be satisfactorily © 


treated by either closed or operative meth- © 
ods, and in such cases the determining 
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ment of the patient considerably. Pathologic 
fractures associated with metastatic bone 


tion and this may provide more effective 
palliation than treatment by closed methods 
in this type of fracture. 

In open fractures, when primary closure 
can be secured with reasonable assurance 
of primary healing, the indications for in- 
ternal fixation are the same as for closed 
fractures. The desire to obtain stability by 
internal fixation must be tempered by the 
recognition of the added hazard of placing 
a metallic foreign body in a potentially in- 
fected wound. When internal fixation is 
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used, only the absolute minimum for effec- 
tive stabilization should be employed. 

Children differ from adults in that their 
bones are still growing. The influence of the 
remaining growth increment on the final 
position or function of the fracture must 
always be considered. Fractures in children 
are not ‘“‘different’’; the children are. The 
indications for closed methods and opera- 
tive methods of treating fractures in children 
are essentially the same as those in adults, 
except for the added consideration of the 
effect of normal or disturbed growth. 

The complex and varied problems posed 
by injuries to bone require highly special- 
ized and individualized solutions. To treat 
fractures effectively, the surgeon must have 
an appreciation of the limitations and a 
command of the technical resources of both 
closed methods and operative methods. 
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THE SURGEON AT WORK' 


FIXED FIGURE-OF-EIGHT TYPE OF RETENTION SUTURE 


FREDERIC W. TAYLOR, M.D., and J. G. JONTZ, M.D., Indianapolis, Indiana 


THE SURGEON gains much of his faith in the 
closure of difficult wounds from the retention 
suture. Wounds in the obese abdomen, in the old 
debilitated patient, the secondary closure follow- 
ing evisceration, or the repair of large ventral 
hernias—all receive some form of retention su- 
ture. These are placed to relieve wound tension, 
to allow normal relaxed wound healing, and to 
give added confidence of a good result in a 
difficult situation. 

It is our contention that this confidence and 
faith is not merited. We believe that the usual 
retention suture is mechanically unsound; that 
from its very nature and design it can do little 
toward holding fascial layers together and that, 
at best, it relieves skin tension only. To explore 
this belief, we have examined different types of 
retention sutures to determine whether they ful- 
fill the desired requirements. We have found 
them to be lacking and, therefore, have used 
another type. It is by no means a new suture, but 
it has a different basic principle and application. 

It is strange that so little thought or analysis 
has been given to the mechanical forces con- 
cerned in the retention suture. Price seems to be 
nearly alone in questioning the efficiency and 
pointing out the shortcomings. He suggested the 
important modification of attaching the ends of 
the stay sutures to a fixed frame. This principle 
consists of 2 separate, overlapping, opposed 
sutures being fastened about fixed lateral points 
so that tension directly approximates the wound 
(Fig. 1D). The same type of suture was briefly 
mentioned earlier by Maclean. 

Dennis, Nelson, and Aukner advocate a 
through-and-through figure-of-eight suture uti- 


From the Department of Surgery, Indiana University School 
of Medicine and Indianapolis Veterans Hospital. 

Aided by a grant from the James Whitcomb Riley Memo- 
rial Association. 


378 


lizing the same basic principle of a fixed lateral” 
anchor point. Wire sutures were placed much 
as those shown in Figure 2, and the tie was made | 
about individual wooden spreaders. We like the © 
convenience of individual spreaders but have, 
found that, under tension, they tend to twist 
around longitudinally, thus loosening the ten- 
sion. Dennis and his group have advocated the 
passage of the suture entirely through the ab- 
dominal wall. This method will be discussed 
later; it has occasionally resulted in the compli- 
cation of an intestinal fistula. / 
These contributions have not received proper 
recognition and are not in general use. We have 
not used the Price or Maclean type of suture 
since we too were already interested in the 
figure-of-eight type of suture. We do not believe 
that it is necessary to stagger the sutures to 
prevent undue necrosis as emphasized by Price. 
Certainly, it is simpler to place a single figure- 
of-eight rather than 2 opposing U-shaped sutures. 
As diagrammed (Fig. 2), our fixed figure-of- 
eight retention suture is started in the skin about 


2 inches to one side of the wound margin. It — 


then passes obliquely downward through the 
abdominal wall to a point about the same dis- 
tance on the opposite peritoneal surface. Here 
it runs transversely to a point directly beneath 
the original skin entrance and then diagonally 
backward to a point on the opposite skin margin, 
2 inches from the wound edge. The suture does 
not lie within the peritoneal cavity, it encom- 


passes only the deep fascia. The suture ends are 
secured about a fixed “track” at the convenience 
of the operator. It may be desirable to close the 
peritoneum before tying any of the retention 
sutures and at times it aids materially in closing 
the wound to hold the traction sutures taut while 


the closure is made. The usual wound closure or | 
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Fic. 1. A, Usual retention suture forming a sling 
beneath wound margins. Its only direct force is slightly 
upward and its only approximating force is exerted in- 
directly through a freely movable skin. B, This suture 
cannot prevent the wound from giving away since it has 


repair is completed by using the retention su- 
tures only as added security. They are placed 
every inch or inch and a half along the incision. 

It is impossible to say who first used retention 
sutures and in what form those sutures were 
made. They have been modified by successive 
generations of surgeons and priority is of little 
consequence. By and large, they have been 
through-and-through, heavy nonabsorbable su- 
tures. Reid used through-and-through silver wire 
alone for the closure of contaminated wounds 
(Fig. 1C). Others have secured the ends of the 
retention sutures with all manner of available 
articles. Most popular are bits of rubber tubing, 
gauze, buttons, or lead shot. 

What is tied to the end of the suture is of little 
moment. It is the mechanical fault of this 
whole group of sutures which is wrong. The 
purpose of a retention suture is to approximate 
fascial layers and thus relieve tension on the 
wound parts which must grow together to bring 
about healing. As noted in Figure 1, the type 
of suture generally used only indirectly holds 
the fascia together by its purchase on a flabby, 
freely movable layer of fat. The sutures pass 
beneath the fascia and their only direct force on 
the wound is a weak, upward pressure without 
direct lateral force. The feeble lateral component 


no direct purchase on fascial margins. C, Reid’s through- 
and-through suture is far superior but also depends on 
loose, compressible fat for its approximating force. D, 
Double opposed sutures from fixed frame giving direct 
lateral approximating force (Price and Maclean). 


is exerted only indirectly through the flabby fat. 
Of the types illustrated, that of Reid is far 
superior. It does, however, have the same failing 
in that it too depends upon a compressed weak 
fatty layer to effect lateral approximation (Fig. 
1C). The fixed point figure-of-eight retention 
suture of Dennis obviates this objection. 

Some have advocated the use of completely 
buried retention sutures circling the fascia and 
at times muscle. These were tied or fastened with 
shot. This type of suture has the advantage of 
being mechanically correct and exerts a good 
lateral force. They have the distinct disadvan- 
tage of constituting a large buried foreign body 
and this, after all, is the main reason for using 
an external suture. 


Fic. 2. Suggested fixed figure-of-eight retention suture. 
The type of frame is irrelevant; mechanical principle 
is correct and simply applied. 
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The exact width of the rack and width of the 
figure-of-eight suture depends largely upon the 
thickness of the abdominal wall. It is obvious that 
a thick wall and heavy panniculus demands a 
greater width than a thin wall to obtain the same 
lateral force. The exact site of the suture may 
be varied in order to take advantage of the 


Fic. 4. Huge ventral hernia in which the fixed figure- 
of-eight principle was added to repair. The suture ends 


Fic. 3. First frames used were rectangles of stapled 
tongue blades allowing care of contaminated wounds. 
A, Gunshot wound of the abdomen during the war. B, 
Repaired incisional hernia wound. 


strongest fascia and to avoid as much as possible 
the strangulation of muscle. If there is no omen- 
tum to cover the peritoneal surface of the wound, 
the retention sutures must not be allowed to 
pass through the peritoneum. They must engage 
only the fascia for fear of producing an intestinal 
sinus and fistula. No thought need be given this 
point if an omental curtain is present between 
wound and intestines. As with most retention 
sutures, they are allowed to remain in place for 
2 weeks. During the second half of this period 


were tied around an aluminum rectangle as shown in this 
illustration. 
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A 

Fic. 5. A, Wire ladder splint allows step by step 
layer closure and easy access for dressings. B, Same 
fixed point principle used on a xyphoid to pubis in- 
cision in which the flexible frame allows more com- 


they become quite loose and one has the im- 
pression that they are no great support but 
constitute a safeguard against sudden stress. 


SUTURE MATERIAL 


We have used every type of nonabsorbable 
suture material available. It seems to make no 


Fic. 6. Incisional hernia, reduced and easily held by 
repair and retention sutures. Replacing this mass of 


fortable flexion and extension (Shumacker). This frame 
consists of multiple transverse tongue blade segments 
which have been incorporated in adhesive and covered 
with gauze. 


difference as long as it is strong enough and not 
so fine that it cuts rapidly through the fascia. 
Stainless steel wire has the advantage that, when 
drawn taut before tying, it tends to stay in that 
position, thus holding the wound margins in 
apposition while suture of the peritoneum or 
fascia is being carried out. It has a disadvantage 


abdominal viscera exerted a pressure on the diaphragm 
which was nearly disastrous. 


— — we 
B 
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in that it causes moderate discomfort upon re- 
moval. This is of little consequence if one side of 
the suture is cut close to the skin the day before 
removal. Pliable materials such as silk, cotton, 
linen, nylon, and “‘merselene” afford more com- 
fort and make the dressing simpler. Occasional- 
ly, silk, cotton, and linen sutures break. 


RACK 


The form of rack or spreader which is used 
is unimportant. It is the fixed suture end prin- 
ciple which is especially significant and the 
application of a lateral force to approximate the 
wound margin. Our first racks were rectangles 
made of stapled tongue blades such as those used 
on gunshot wounds during the war (Fig. 3). We 
changed from this to the slightly curved alumi- 
num frames, similar to those used by Price (Fig. 
4). At present, sections of the common “ladder” 
splint are being used and bent to the desired 
contour (Fig. 5A). These can be “borrowed” 
from most fracture services, thus obviating the 
necessity of obtaining special frames. 

Recently, Harris B Shumacker has_ used 
another form of spreader on very long abdomi- 
nal incisions which consists of multiple separate 
tongue blade spreaders held in a transverse 
position with adhesive tape and gauze (Fig. 5B). 
This is constructed and sterilized before opera- 
tion. It allows the patient to flex and extend the 
abdomen with more comfort and uses the same 
principle of a fixed end figure-of-eight suture. 


DISCUSSION 


The fixed figure-of-eight retention suture is 
urged as a means of reinforcing difficult and 
precarious abdominal wounds. It has been used 
as the sole material for approximating margins 
of contaminated wounds, although we see no 
disadvantage in separately closing the posterior 
fascia and peritoneum. It is simple to apply and 
requires no additional gadgets. Above all, its 
mechanical efficiency cannot be questioned and, 
certainly, most of the stay sutures in common 
use do little but hold the skin together. 

We have used fixed figure-of-eight sutures in 
secondary closures for eviscerations as well as 
for difficult primary closures. It has replaced the 
through-and-through silver wire closure of dirty 
wounds. One of its most useful applications is in 
the repair of incisional hernias. Here it is used 
as an adjunct to relieve tension on the usual re- 
pair. We have always been able to approximate 


the margins of even the largest hernias. In this 
connection, it might be well to add a word of 
warning. In 1 patient (Fig. 6), practically the 
entire bowel was in the hernial sac, and the 


TEC 
OF 


bowel had lost its right of domicile. It was re. 
placed and easily held, but the patient’s life was 
seriously threatened by the enormously increased 
pressure upon the diaphragm. 

There have been a few failures as in an oc. 
casional primary wound a hernia developed or 
a difficult incisional hernia partially recurred. 
Never has this occurred but that the result was 
thought to be infinitely better than if some other 
stay sutures had been used. In 1 case, fistulas} 
resulted from bare loops of small bowel coming 
in contact with penetrating retention sutures. 

As previously noted, this type of suture be- 
comes surprisingly loose after a week. In an 
attempt to obviate this failure, spring fixation 


points were used to keep the sutures taut at all} 


times. This seemed quite an attractive idea, but) 
in retrospect the result was just what might be} 
expected. The constant tension suture cut quickly 


through the fascia and became useless. Ap-| 


parently, it is best for the retention suture to 
exert intermittent force when the patient coughs 
or strains and to lie perfectly inert when the 
wound is at rest. 


SUMMARY 


The usual retention suture is practically use-| 


less in holding fascial layers together. At best, 


it approximates only the skin and exerts a very} 


indirect force on the fascia. 

It is urged that some form of efficient suture} 
which exerts a true approximating force be} 
substituted for those in general use. A fixed 
figure-of-eight type of retention suture seems to 
meet these requirements. Its advantages and 
features are detailed. 


REFERENCES 


1. Dennis, C., Nerson, C. A., and Auxner, F. J. 
Utilization of wound splints and through-and-through 
figure-of-eight sutures of stainless steel wire for ab- 


HARI 
Philad 


LIGAT 
opera 
to be 
Dissec 
techn 
and 1 
desire 
quent 
recur! 
occur 
surge 
malit 


of lis 
testic 
parer 
Unite 
tion 
patie 
had | 
terna 
This 
used 
Hosp 
succe 
meth 
techr 
plica 
of th 
wort 
invol 


dominal closure in the presence of post wound ex- 
pectancy. Surgical Forum 1953; American College} 


of Surgeons. Vol. IV, p. — Philadelphia and Lon-} 


don: W. B. Saunders Co., 

2. Mactean, N. J. Tecbnique ie the repair of post- 
operative abdominal hernias. Surg. Gyn. Obst., 
1946, 83: 200. 

cm Price, P. B. Stress, strain, and sutures. Ann. Surg.,} 
1948, 128: 408. 

4. Rei, M. R., ZinnincER, M. M., and MERRELL, P. 


Closure of the abdomen*with. through-and-through | 


TECH 


A 
is me 
spine 

rectt 
inter 


Fro 


silver wire sutures in cases of acute abdominal} ment. 


emergencies. Ann. Surg., 1933, 98: 890. 


ment 
of Pen 


a 
4 
4 
| 
| for th 
| 
2 
ie 
| 


a thi! TECHNIQUE OF SURGICAL CORRECTION 


d tht OF VARICOCELE 


} Philadelphia, Pennsylvania 


LIGATION of the pampiniform plexus, the classical 
operation for intrascrotal varicocele, has proved 
to be unsatisfactory in most surgeons’ hands. 
Dissection of the thin walled venous plexus is 
technically difficult, complications are frequent, 
and the end results often leave much to be 
desired. Hematoma formation which is very fre- 
quently accompanied by infection, hydrocele, 


xation! recurrence of varicocele, and testicular atrophy 


at all} occurs with sufficient frequency to deter most 
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rht be} 
uickly 
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ire to 
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surgeons from attempting to correct this abnor- 
mality. 

In 1906, Dean Lewis described an operation 
for the treatment of varicocele which consisted 
of ligating the internal spermatic vein and 
testicular artery high in the inguinal canal. Ap- 
parently, this method found little favor in the 
United States but was widely used in South 
- America. In 1955, Robb described a modifica- 
tion of this procedure. He reported upon 20 
_ patients in whom the internal spermatic vein 
had been ligated 5 centimeters above the in- 
ternal inguinal ring with uniformly good results. 
_ This method with minor modifications has been 
suture} used on the Urologic Service of the University 
ce be} Hospital for the past 4 years with consistent 

fixed] success. The effectiveness and simplicity of the 
ms tO} method prompted this report. In order that the 
s and} technique might find wider use and the com- 
plications of the classical operation of ligation 
of the pampiniform might be avoided, it seems 
F. J.}, worthwhile to describe the operative procedure 


y use- 
best, 
very} 


involved. 
nd ex-} 
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| A transverse incision 5 centimeters in length 
f post: i is made at the level of the anterior superior iliac 
Obst.) spine extending from the lateral margin of the 
Surg.,}, Tectus muscle to the spine. The external and 


‘internal oblique muscles and the transversus 
ELL, 
arough _ From the Hospital of the University of Pennsylvania, Depart- 
ominalf ment of Surgery, Division of Urology, and the Harrison Depart- 
' ment of Surgical Research, Schools of Medicine, University 
of Pennsylvania, Philadelphia. 


» HARRY W. SCHOENBERG, M.D., and JOHN J. MURPHY, M.D., F.A.C.S., 


abdominus are split in the direction of their 
fibers. The peritoneum is reflected forward and 
the internal spermatic vein identified as it 
crosses the external iliac vessels (Fig. 1). The 
vein is divided between clamps and both ends 
ligated with chromic catgut. Care is taken to 
avoid damaging the ureter which is in close 
proximity to this vessel. If it is possible to do 
so, the internal spermatic artery is spared al- 
though this is reported by others to be of little 
importance. 

A scrotal support is worn for 2 weeks during 
which time the varicocele undergoes thrombosis 
and contraction. Mild scrotal edema occurs in 
about one-third of the patients but usually sub- 
sides within a few weeks. After interruption of 
the internal spermatic vein, venous blood from 
the testis is drained by the veins of the vas 
deferens to the iliac veins. The column of blood 
contained in the valveless internal spermatic 
vein extending from the left renal vein to the 
pampiniform plexus is thus interrupted and 
with removal of this pressure satisfactory cor- 
rection of the varicocele is obtained. 


L. ureter on 
tape 


Peritoneum 
reflected 
medially 


Ly 


Ext. iliac av. 


L. spermatic a.,v. 


Fic. 1. Diagram of surgical exposure of internal 
spermatic vein. 
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This surgical procedure for the treatment of 
varicocele does not extend the indications for 
the operation. It is believed that only varico- 
celes which are extremely large and produce 
annoying local symptoms should be treated 
surgically. Another indication has been reported 
by Tulloch who noted that the semen analysis 
improved after surgical correction of large vari- 
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coceles in some patients who were in a subfer- 
tile range. 
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THE SURGEON’S LIBRARY 


Reviews of New Books 


THE AUTHOR of Vascular Surgery’ prefaces his book by 
the statement that “It is the purpose of this volume 
to describe the experience of our group.” This group 
is at the Vascular Clinic of the University of Illinois 
in Chicago. He states that he has intentionally left 
out all cardiac and cardiothoracic problems except 
for a few of them which bear on the peripheral circu- 
lation. The first 4 chapters are devoted to the funda- 
mental principles affecting vascular surgery. These 
are primarily related to the physiology of the vascular 
system and, in addition, cover briefly the hemody- 
namics of various aspects of the major blood vessels 
and the arterial venous shunts which occur in the 
periphery. A brief résumé is given in Chapter 3 on 
the vasomotor apparatus—as the author calls it—as 
it affects the circulation of the extremities. Included 
in this is a short discussion of the controversial ques- 
tion of sympathetic vasodilators, which the author 
does not definitely settle. A short résumé of the clot- 
ting mechanism of the blood is given in Chapter 4 in 
an attempt to correlate the thromboembolic problems 
of the venous and arterial circulation. In Chapters 5 
and 6, the author discusses the importance of accurate 
history taking in vascular disease and of careful 
examination of the patient. Numerous laboratory 
methods of evaluating the arterial and venous cir- 
culations are described. Many of these are only of 
research value rather than of practical clinical use. In 
reviewing the book, it seems that more emphasis could 
have been placed on the most important methods of 
examination rather than covering all of them, since 
many are of little value in the clinical evaluation of a 
patient’s circulation. Angiography is discussed and 
the method recommended, namely, that of making a 
small incision under local anesthesia to expose the 
vessels of the limb to do an arteriogram, is open to 
some criticism since in our clinic thousands of arterio- 
grams have been performed by the percutaneous 
technique without any complications. Phlebography 
is also discussed and it yields interesting x-ray pic- 
tures, but unfortunately does not offer much of value 
in the handling of the patient’s problem. Aortography 
is also discussed and some of the hazards are described. 

Part 3 is entitled Vascular Syndromes Requiring 
Surgical Care. Congenital vascular anomalies of the 
extremities related mostly to arteriovenous fistulas 

'VascuLaR SurGERY. By Geza de Takats, M.D., 


MS., 
F.A.C.S. 726 pages, 382 illustrations. $17.50. Philadelphia and 
London: W. B. Saunders Co., 1959. 


are described. A fairly comprehensive discussion of 
arterial injuries is given in Chapter 8. These i injuries 
include: trauma, physicochemical injuries, injuries 
due to cold, electrical i injuries, and radiation injuries 
without too much discussion as to the method of care, 
except in general terms. The next chapter is entitled 
“Arterial Inflammation” and included is the disease 
known as thromboangiitis obliterans which is ap- 
parently disappearing from our clinic. There is pub- 
lished evidence that such an entity does not exist and 
instead it probably represents an early type of periph- 
eral atherosclerosis obliterans. A short dissertation is 
given on the collagen diseases including erythema 
induratum, erythema nodosum, lupus erythematosus, 
and relapsing febrile panniculitis and their relation- 
ship to Raynaud’s disease.. Chapter 10 covers the 
degenerative diseases of arteries which includes 
arteriosclerosis and diabetes. Aortic, iliac, femoral, 
and internal carotid artery obliterative disease, 
secondary to atherosclerosis, are discussed. Good 
roentgenographic reproductions demonstrate these 
various lesions. Nonsurgical methods of treatment are 
described and sympathectomy is elaborated upon. A 
short résumé of endarterectomy of occluded arteries 
is given and also a paragraph or two on bypass arte- 
rial graft procedures. The discussion and results of 
the latter are rather limited in view of the relatively 
few patients who were operated upon in their clinic. 
Chapter 11 includes tumors of the vascular system 
with little of note in it. 

Chapter 12 goes into the problem of thrombo- 
embolism; the various sites at which venous thrombosis 
can occur throughout the body are discussed. The 
treatment for venous thrombosis in their clinic ap- 
parently for the most part is the use of heparin, and 
not too much is said about the various operative pro- 
cedures. Arterial thrombosis is also included in this 
discussion. The release of vasospasm and the use of 
anticoagulants are stressed, as well as direct surgery 
on the occluding thrombus. Chapter 13 is on venous 
insufficiency of the lower extremities, which includes 
varicose veins of primary etiology and those secondary 
to the postthrombotic state. Included in the exami- 
nation of the patient, some of the tests, such as the 
Trendelenburg to determine which veins are incom- 
petent, are described. The author quite rightly states 
that too much reliance cannot be placed on these 
tests, and furthermore, that it is sometimes difficult 
to interpret the patients’ symptoms in relation to 
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their varicose veins. He reviews, in part, the history 
of methods used in the treatment of varicose veins 
and agrees with most, that a radical stripping pro- 
cedure is best in most instances. He also reviews the 
latest methods of treatment for the postthrombotic 
type of varicose veins and also the postthrombotic 
type of ulceration. He reports good results from 
excision and primary skin graft although the cos- 
metic results as shown in the photographs leave a good 
deal to be desired. Chapter 14 on lymphedema gives 
the various types, including the congenital variety, 
the traumatic lymphedema seen in the postmastectomy 
patients, the inflammatory type of lymphedema, and 
the malignant lymphedema secondary to matastasis 
to the lymph nodes. The treatment of these various 
conditions is much the same as is used in most clinics. 
Heparin therapy is recommended for the acute 
lymphedema, and also roentgen-ray therapy. The 
treatment of chronic lymphedema consists of carrying 
out a modified Kondoleon procedure. 

Chapter 15 deals with aneurysms and includes a 
discussion of the structural defects leading to aneurysm. 
Among the clinical forms of aneurysms he describes 
the inflammatory or mycotic, luetic, the degenerative, 
or arteriosclerotic aneurysms. The various methods of 
treating these, both past and present, are briefly de- 
scribed and like most authorities in the field he agrees 
that resection and restoration of continuity by some 
type of graft is the preferable method. Chapter 16 on 
neurovascular lesions of the extremities includes 
Raynaud’s disease. The various drugs that have been 
used in the treatment of this condition are men- 
tioned and there is also a brief description of the 
various types of dorsal sympathectomy that has been 
used. He draws attention to the fact that the collagen 
diseases can simulate Raynaud’s disease, and warns 
against radical] surgical treatment for these conditions. 
Acrocyanosis is also described and treatment recom- 
mended. Erythromelalgia which is more of a symptom 
complex than a disease is also discussed. A section is 
given on neurovascular phenomena including the 
so-called thoracic outlet syndrome and the differential 
diagnosis is discussed. Various other types of vaso- 
neuropathies are described such as those due to vibra- 
tion from a pneumatic hammer, or air hammer 
disease, those secondary to anterior poliomyelitis, 
progressive muscular atrophy, causalgia, and diabetic 
neuropathy. Chapter 17 considers the carotid sinus 
syndrome. In Chapter 18, the aortic arch syndrome 
which may be congenital in origin or secondary to 
trauma, syphilis, nonsyphilitic aortitis, or athero- 
sclerosis is discussed. Chapter 19 is on the treatment 
of essential hypertension. This seems a little out of 
place in a discussion of vascular diseases, although 
the more recent work on investigation of athero- 
sclerotic processes on the renal artery indicates the 
possibility that the condition may be truly an arterial 
disease in some patients. The author reviews the 
various Clinical entities which may produce essential 
hypertension, and discusses in the surgical treatment 
the use of sympathectomy, adrenalectomy, hypophys- 
ectomy, unilateral nephrectomy, and renal revascu- 
larization. 

Part 4 is on surgical techniques and includes a 
discussion of the various types of anesthesia, as well as 


a short résumé on arterial banks and arterial pros- 
theses. The surgical procedures that are demonstrated 
include exposure of the major arteries of the body, 
stripping of simple varicose veins, and the ligation of 
the incompetent communicating veins, ligation of the 
inferior vena cava through a flank incision, ligation 
of the common femoral and popliteal veins, excision 
of a postphlebitic ulcer, and various types of procedures 
for chronic lymphedema. Arterial embolectomy is 
briefly illustrated as well as pulmonary embolectomy 
by aspiration through an incision in the right ventricle. 
Thromboendarterectomy, the various bypass pro- 
cedures, and vascular prostheses are shown for lesions 
of the aorta and major arteries of the lower limbs. 
Denervation of the carotid sinus and upper dorsal 
sympathectomy through the neck and by the poste- 
rior and axillary approaches are demonstrated. 
Lumbar sympathectomy through a flank incision, and 
splanchnicectomy and dorsolumbar sympathectomy 
through a posterior lateral extrapleural extraperi- 
toneal approach are shown. A short résumé of various 
types of amputations is given including the midmeta- 
tarsal, below the knee, transcondylar, and supra- 
condylar. 

In summary, it can be stated that this volume 
presents the personal experiences of the author and 
his group and their opinions on many of the problems 
of peripheral vascular diseases. This is such a rapidly 
moving field at the present time, as the author states 
in his preface, that some of the more modern methods 
of handling these problems are not described in as 
much detail as one might hope. Without question the 
volume is interesting, although it lacks completeness 
in the details of therapy. He also describes various 
procedures which may give relief, although they are 
not advocated by the reviewer, but apparently have 
given good results in the author’s hands which em- 
phasizes the fact there may be more than one way to 
obtain a successful result. Like many of the books on 
vascular diseases published in recent years, this re- 
view of the conditions is presented in an interesting 
manner. Technical details, however, of the operative 
procedures utilized in the treatment of the various 
conditions are quite superficially explained and 
illustrated. —Robert R. Linton. 


ALTHOUGH the book Fractures and Other Injuries? is 
new it is essentially the second edition of a well 
established publication and reflects the outlook on 
traumatic problems of the staff of the Fracture Serv- 
ice at the Massachusetts General Hospital. It first 
appeared in 1938 under the title Experience in the 
Management of Fractures and Dislocations and was edited 
by Philip D. Wilson. Now, brought up to date under 
the direction of an editorial board consisting of 
Joseph S. Barr, Bradford Cannon, Claude E. Welsh, 
James C. White, and Edwin F. Cave, with the latter 
as Editor in Chief, the book covers the material 
presented to the Postgraduate Course in fractures and 
other injuries at the Massachusetts General Hospital 
and Harvard Medical School. 

The text and presentation are excellent and the 

2FRACTURES AND OTHER InyurtEs. Edited by Edwin F. Cave, 


M.D. 863 pages, 612 illustrations. Chicago: The Year Book 
Publishers, 1958. 
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illustrations, both drawings and roentgenographic 
reproductions, uniformly good. Each chapter con- 
cludes with a brief bibliography. Clearly a great deal 
of effort has been expended in excluding all irrelevant 
material and keeping the book within the bounds of a 
single volume. Within this compass of some 800 pages 
it is manifestly impossible to cover in detail all aspects 
of the surgery of trauma. Nevertheless, the authors’ 
object is to lay the foundation of a basically sound 
approach to the majority of problems. 

The earlier chapters deal adequately with the 
general problems of trauma, shock, response to in- 
jury, principles of treatment, healing and delay in 
healing of fractures, principles of bone grafting, and 
include a brief note by F. Albright on metabolic bone 
disease. The motions of the thumb illustrated in 
Figure 9 show abduction, when surely extension is 
intended. The section on delayed and nonunion of 
fractures contains a refreshing plea for conservatism 
if operative treatment is not imperative and relates 
many of these complications to injudicious surgical 
interference. 

In dealing with fractures of the dorsolumbar spine, 
reduction and plaster is still advised for all except the 
most trivial injuries, while fracture dislocation is 
treated by open reduction followed by wire fixation, 
simultaneous spinal fusion, and subsequent plaster 
fixation. This is surely at variance with modern prac- 
tice which aims at rapid, rigid fixation and the 
avoidance of external splintage, with its attendant 
risk of decubitus ulceration. 

Among the operative methods advocated for re- 
current or habitual dislocation of the shoulder, it is 
somewhat surprising to find the Nicola procedure. 
Due to the high recurrence rate it has largely been 
abandoned, apart from its occasional use to anchor the 
unstable humeral head following open reduction of 
the dislocation irreducible by closed manipulation. 
It is interesting to note the advocation of caution in 
resorting to operation in injuries of the rotator cuff, 
especially in the elderly patient in whom the ma- 
jority of these ruptures occur. In humeral shaft 
fractures caution is again advised before resorting 
to open reduction followed by plate or intramedullary 
nail fixation. The ever-attendant risk of delayed and 
nonunion is rightly stressed. 

In performing reduction of the extension type of 
supracondylar fracture, traction with the elbow fully 
extended is advised and regarded as less injurious 
than traction in flexion. A posterior plaster slab is 
used routinely after verifying that a strong radial 
pulse can be felt. The position of flexion at the elbow 
illustrated is certainly one that can be regarded as 
excessive, but a warning is added of the damages of 
overflexion and continuous traction advocated when 
the circulation is in doubt. 

In dealing with the comminuted type of Colles’ 
fracture, continuous pin traction through the first 
metacarpal bone has been used. It is hard to believe 
that this could prevent the inevitable collapse inherent 
in such fractures, except by producing delayed union. 

Ununited fractures of the carpal scaphoid are 
treated by drilling and peg bone graft. Continuous 
pin traction for phalangeal fractures has given good 
results at the Massachusetts General Hospital. 


As the home of Smith-Petersen, it is not surprising 
that there should still be enthusiasm for the nail 
which bears his name. It is still regarded as the best 
means of fixing the displaced subcapital fracture of 
the femoral neck. Unfortunately, no figures are given 
of the results at Boston which would enable such a 
disputable claim to be seen in its proper perspective. 
A place is found for the use of primary prosthetic 
replacement in very old patients or in irreducible 
or comminuted fractures. 

In fractures of the femoral shaft, operation is now 
clearly established as the method of choice in suit- 
able cases. In many fractures not suitable for in- 
ternal fixation, closed methods are still essential and 
in this chapter conservative management does not 
seem to get its fair share of attention. Similarly, in 
tibial fractures, open reduction is freely advocated 
and illustrated; closed treatment can give excellent 
functional results, even in the presence of some im- 
perfection in the position as seen in roentgenograms. 
The authors show a cautious enthusiasm for the 
Lottes nail; they have not all found that the use of 
slotted plates carries any advantage over the con- 
ventional patterns. 

Fractures of the os calcis are dealt with by manual 
reduction and plaster fixation for a period of 12 to 16 
weeks. Early operation in a small series of cases with 
distortion of the subtalar joint does not seem to have 
improved the results. 

Displacement of the upper femoral epiphysis is 
treated by closed nailing in cases with minimal dis- 
placement and by open reduction and nailing in the 
more severe type. No mention is made of the use of 
late subtrochanteric osteotomy to avoid or reduce the 
incidence of avascular necrosis. It would be safe to 
say that on this account, cervical osteotomy has now 
almost been abandoned in the British Isles. 

A special chapter is devoted to the operative treat- 
ment of fractures and has already been referred to 
in its timely warning to avoid unnecessary or ill 
advised procedures. The chapter gives a clear ex- 
position of the mechanical principles involved in 
internal fixation and of the necessary adjuvants to 
success. In the therapy of established wound infec- 
tions, chloromycetin is the antibiotic of choice for 
penicillin resistant organisms. No doubt the later 
introduction of other more powerful and less toxic 
agents would make the authors wish to substitute one 
of them for it, and one would also question the routine 
use of streptomycin on similar grounds. 

In repairing most major tendon injuries, fascia lata 
seems to be widely used. Most surgeons do not seem 
to find it essential and secure comparable results by 
using the standard suture materials. Almost all ortho- 
pedic textbooks contain an account of the operative 
repair of rupture of the long head of the biceps, and 
this is no exception. It is very doubtful if the opera- 
tion is ever indicated, for its sole effect is to diminish 
the muscle bulge. 

Further chapters deal adequately with soft tissue 
injuries, injuries of the chest, abdomen, and genito- 
urinary tract. Vessel and nerve repairs are discussed, 
and there are brief chapters on thermal and cold 
injuries. 

It can be seen from the subject matter covered 
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that the book deals in a direct and authoritative 
manner with most of the problems likely to face the 
young trauma surgeon. He will not turn in vain to 
this book for help, and his practice will be sound if 
it is based on its precepts. —AHarold Bolton. 


THE UNIQUE TWO VOLUME woRK The Management of 
Fractures and Dislocations—An Atlas* contains almost 
1,000 pages and 1,927 illustrations. This reviewer 
knows of nothing like it in the field of trauma. In 
this work, there are no photographic illustrations and 
no roentgenographic reproductions. The more than 
1,900 illustrations are all fine line drawings that 
represent preoperative and postoperative roentgeno- 
grams and the morbid changes that occur about 
bones and joints after trauma. The text is not narra- 
tive. It is completely objective, factual, and staccato 
in style. It is in no sense encyclopedic, but is a pres- 
entation of the author’s own approach to all of the 
problems of fractures and dislocations. 

This book may have another value. Since it is 
becoming increasingly difficult for one man to write 
a book, just as it is for one man to practice medicine 
or train a disciple, this work may be the last of its 
kind. It is recommended particularly to those stu- 
dents and house officers who have emergency depart- 
ment responsibilities. ‘The excellent index makes the 
subject matter easy to find, and the writing and pic- 
torial style makes for easy digestion. For those more 
advanced in the management of fractures and dis- 
locations, it will be like a visit to the Jefferson Hos- 
pital in Philadelphia to have DePalma tell of how 
he does it and why. — James K. Stack. 


THE BOOK entitled A Practice of Thoracic Surgery‘ is 
comprehensive and written by one person. It more 
nearly approaches, in its extent, the classic Surgical 
Diseases of the Chest, published in 1935 by Graham, 
Ballon, and Singer, than any other book. It presents 
the subject in a beautifully clear manner, with ex- 
cellent illustrations. Except for chapters on lung 
function, postoperative care of thoracic patients, 
angiocardiography, and cardiac catherization, the 
entire book reflects the experience and opinions of 
the author. Thoracic surgery as it is best done today 
is well presented, and everyone interested in the 
subject will find this a valuable book. 

Although I found myself in general agreement with 
practically every subject discussed, I did find some 
interesting areas of disagreement. In regard to the 
prevention of atelectasis after thoracic operations, 
especially pulmonary resection, the author has ap- 
parently never heard of the use of intravenous sodium 
iodide which was introduced some years ago by 
Klassen. Its use has practically eliminated the need 
for postoperative bronchoscopy in the hands of my 
associates and myself. Although d’Abreu reports the 
removal of metastatic carcinoma of the lung with 


8THE MANAGEMENT OF FRACTURES AND DisLocATIonNs—AN 
Atxas. By Anthony F. DePalma, M.D. Vols. I and II. Pages 
1-470, and 471-960, 1927 illustrations. Illustrated by Barbara 
B. Finneson and William A. Osburn. $35.00 per set. Philadel- 
phia and London: W. B. Saunders Co., 1959. 

4A Practice oF THORACIC SurGERY. By A. L. d’Abreu, O.B.E., 
Ch.M., F.R.C.S. 619 pages, illustrated. $19.00. London: Ed- 
ward Arnold Ltd., Baltimore: The Williams & Wilkins Co., 1958. 


some success, he says: “If the metastastis is solitary 
and is causing symptoms such as hemoptysis, eradica- 
tion is indicated.” I believe that the consensus of 
opinion in this country, at least, is that symptoms are 
not necessary. 

It is interesting that in describing the techniques 
for producing hypothermia he does not mention the 
technique of Sir Russell Brock. This method which 
allows exploration of the heart before hypothermia is 
induced, and produces it by refrigerating the blood 
passed through a machine, has seemed to me superior 
to all others. 

A very full discussion is given to aortic stenosis, but 
only 8 lines are devoted to the subject of aortic re- 
gurgitation. In view of the large number of cases 
treated by the use of the Hufnagel valve, and other 
techniques, this seems unjustifiably short. And when 
only 11 lines are given to the subject of cardiac 
ischaemia, even though there is no unanimity of 
opinion about the various operations used for its 
treatment, I consider this unfortunate. Only 3 pages 
are given to aneurysms of the great vessels, a subject 
which has been so brilliantly covered by DeBakey, 
Bahnson, and others that it would seem to rate much 
more space. In discussing cardiac catheterization, no 
mention is made of catheterization of the left side of 
the heart, and the techniques used for it. In describing 
pulmonary valvotomy, the author speaks of it as the 
classical Brock operation, although Sellors used it 
some time before Brock. 

In the discussion of thymic tumor, and thymectomy 
for myasthenia gravis, proper credit is given to Sir 
Goeffrey Keynes, but strangely no mention is made 
of the work of Clagett at the Mayo Clinic. Clagett’s 
experience would seem to be equal to that of Keynes, 
and although there was much disagreement between 
them at one time, it seems now that little exists. 

Finally, in the discussion of penetrating and per- 
forating wounds of the chest, the author covers the 
subject well except for the management of the patient 
with a flail chest. It was shown some years ago by 
Carter that tracheotomy was lifesaving in many of 
these cases. Furthermore, in recent years, the Scandi- 
navians have developed respirators, which when con- 
nected to the trachea can maintain respiration. This 
machine was widely used in the Scandinavian coun- 
tries first, and then in this country. Its use in cases of 
crushed chest has saved many lives, and it has also 
been used in cases of respiratory paralysis from polio- 
myelitis or other causes, with marked success. 

Though I have found some shortcomings in this 
book, I consider it very fine, a credit to the author, 
and a real contribution to surgical literature. 

—R. H. Meade. 


THE AUTHOR of the volume entitled Surgery of the 
Sympathetic Nervous System® is well known to a great 
many American surgeons, because he obtained some 
of his training in this country and has since returned 
on numerous occasions as a distinguished lecturer and 


5SURGERY OF THE SyMPATHETIC Nervous Syste. By Professor 
Sir James Paterson Ross, K.C.V.O., LL.D., M.S., F.R.CS., 
F.R.A.CS., F.A.C.S. 3rd ed. 170 pages, 51 illustrations. $8.00. 
London: Bailliere, Tindall and Cox; Baltimore: The Williams 
& Wilkins Co., 1958. 
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visiting professor of surgery. Because of his back- 
ground and association with Professor Gask, he is 
eminently qualified to write about surgery of the 
sympathetic nervous system. 

The results of any surgery are largely predicated 
by the proper matching of patients operated upon. 
The indication for operations on the sympathetic 
nervous system should be based upon what by now 
should be well known physiologic principles and a 
knowledge of pathologic change in the organs in- 
volved. Many operations on the sympathetic nervous 
system in the past have been based upon poor physi- 
ology and a lack of understanding of the pathologic 
changes in the organs effected. Many of the opera- 
tions have been inadequate or incomplete. In the 
preface, the author states that the first edition of this 
book was written in the early days of surgery of the 
sympathetic nervous system, chiefly to state the logical 


BOOKS RECEIVED 


Books received are acknowledged in this department, 
and such acknowledgment must be regarded as a suf- 
ficient return for the courtesy of the sender. Selections 
will be made for review in the interests of our readers 
and as space permits. 


VA Prospectus; REsEARCH IN AGING. Washington, 
D. C.: Veterans Administration, 1959. 

ABDOMEN AGUDO, REFLEXIONES, COMENTARIOS Y OB- 
SERVACIONES EN FORMA DE AFORISMOS. By Rodolfo 
E. Pasman. 184 pages. Buenos Aires: Vallardi, 1959. 

PuystoLocy or CarpDIAC SURGERY; HypoTHERMIA, Ex- 
TRACORPOREAL CIRCULATION AND EXTRACORPOREAL 
Coouinec. By Frank Gollan, M.D. 96 pages, 18 il- 
lustrations. $4.50. Springfield, Ill.: Charles C Thomas, 
1959. 


PANCREATITIS, A CLINICAL-PATHOLOGIC CORRELATION. 
By Herman T. Blumenthal, Ph.D., M.D., and J. G. 
Probstein, M.D. Foreword by R. M. Zollinger, M.D. 
379 pages, 58 illustrations. $9.50. Springfield, IIl.: 
Charles C Thomas, 1959. 

A MANuAL oF ANAESTHETIC TECHNIQUES. By William 
J. Pryor, M.B., Ch.B. Foreword by the late J. H. T. 
Challis, M.R.C.S.(Eng.). 2nd ed. 228 pages, 75 il- 
lustrations. Bristol: John Wright & Sons Ltd., 1959; 
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M.D. The Proceedings of the Scientific Sessions of the 
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1958. 338 pages, illustrated. $9.75. New York and 
London: Grune & Stratton, Inc., 1959. 
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UND EXPERIMENTELLE STUDIEN ZUR PATHOGENESE UND 
THERAPIE EINIGER AKUTER, INSBESONDERE POSTTRAU- 
MATISCHER KRANKHEITSBILDER. By Priv.-Doz. Dr. Leo 
Koslowski. Foreword by Prof. Dr. H. Krauss. 159 
pages, 60 illustrations. $4.70. Stuttgart: Georg 
Thieme Verlag, 1959. 

Mopern TRENDS IN PaTHoLocy. Edited by Douglas H. 
Collins, O.B.E., M.D., F.R.GS.(Lond.. 346 pages, 
135 illustrations. $15.00. New York: Paul B. Hoeber, 
Inc., Med. Book Dept. of Harper & Bros., 1959. 

ALLGEMEINE PATHOLOGIE; GRUNDLAGEN UND PROBLEME 
EIN LEHRBUCH. By Dr. Erich Letterer. 849 pages, 
632 illustrations. $16.45. Stuttgart: Georg Thieme 
Verlag, 1959. 


basis of and the methods whereby patients were 
selected for sympathectomy. The second edition was 
concerned mainly with results of operation. 

The third edition which has been published some 
20 years after the second has been largely rewritten. 
The changes, Professor Ross states, are the outcome of 
experience based on careful and prolonged observa- 
tion of patients who have undergone sympathectomy, 
coupled with a better understanding of the pathology 
of the conditions for which the operation has been 
undertaken. Recent advances in vascular surgery as 
well as some of the neuroradiologic studies have 
also changed many of the ideas and operations con- 
cerning vascular disease. This book should be of 
particular value to the student and to the occasional 
“sympathetic” surgeon as it is written so well and 
illustrated so clearly. Further, its small size should 
encourage familiarity. — Nicholas Wetzel. 


SuRGERY OF THE Coton, By E. S. R. Hughes, M.D., 
M.S.(Melb.), F.R.C.S.(Eng.), F.R.A.C.S. 416 pages, 
234 illustrations. $12.50. Edinburgh and London: 
E. & S. Livingstone Ltd., 1959. Baltimore: The Wil- 
liams and Wilkins Co., exclusive U. S. agents. 
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Prof. Dr. Hans Killian. 770 pages, 341 illustrations. 
$36.65. Stuttgart: Georg Thieme Verlag, 1959. 

I TUMORI DEL LABBRO E LA LORO TERAPIA; STUDIO CLINICO 
E STATISTICO sU 907 CASI DI CARCINOMA LABIALE. By 
P. Bucalossi, S. Di Pietro, G. F. Lovo, and C. Longa. 
104 pages, illustrated. Milan: Casa Editrice Am- 
brosiana, 1959 

CuinicaL Ortuopaepics. Anthony F. DePalma, Editor- 
in-Chief. With the assistance of the Associate Editors, 
the Board of Advisory Editors, and the Board of Cor- 
responding Editors. No. 13, Spring, 1959. 393 pages, 
illustrated. $7.50. Philadelphia and Montreal: J. B. 
Lippincott Co., 1959. 

Diz BEHANDLUNG VON HIATUSHERNIEN UND REFLUXO- 
SOPHAGITIS MIT GASTROPEXIE UND FUNDOPLICATIO; 
INDIKATION, TECHNIK UND ERGEBNISSE. By R. Nissen, 
and M. Rossetti. 153 pages, illustrated. $11.80. 
Stuttgart: Georg Thieme Verlag, 1959. 

RICERCHE MORFOLOGICHE E TOPOGRAFICHE SULL’ACCRE- 
SCIMENTO PRENATALE DEL SISTEMA ARTERIOSO. By 
Gianfranco Solbiati. 219 pages, 92 illustrations. 
Parma, Italy: Collana de Monografie de ‘‘L’Ateneo 
Parmense, 1958. 

EXPERIMENT PERILOUS; PHYSICIANS AND Patients Fac- 
ING THE UNKNOWN. By Renée C. Fox. 262 pages. 
$5.00. Glencoe, IIl.: The Free Press, 1959. 

Tue EssENTIALS OF ROENTGEN INTERPRETATION. By 
Lester W. Paul, M.D., and John H. Juhl, M.D. 
839 pages, 1203 illustrations. $25.00. New York: 
Paul B. Hoeber, Inc., Med. Book Dept. of Harper & 
Bros., 1959. 

THAT THE PATIENT May Know; AN ATLAS FOR USE BY 
THE PuysIcIAN IN EXPLAINING TO THE PATIENT. By 
Harry F. Dowling, M.D., Sc.D., and Tom Jones, 
B.F.A. 139 pages, illustrated. $7.50. Philadelphia and 
London: W. B. Saunders Co., 1959. 

PREVENTIVE MEDICINE; PRINCIPLES OF PREVENTION IN 
THE OCCURRENCE AND PROGRESSION OF DISEASE. 
Edited by Herman E. Hilleboe, M.D., and Granville 
W. Larimore, M.D. 731 pages, 59 illustrations. $12.00. 
Philadelphia and London: W. B. Saunders Co., 1959. 
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PRELIMINARY PLANS FOR THE 45TH CLINICAL CONGRESS 
CONVENTION HALL, ATLANTIC CITY, NEW JERSEY 
SEPTEMBER 28 to OCTOBER 2, 1959 


More THAN 10,000 medical personnel, Fellows of the College and guests from all over the world, will 
gather in Atlantic City to fulfill the purpose of this Congress: to discover, to inform, and to learn. 
In keeping with the philosophy of the College that the qualified surgeon never stops extending his 
knowledge and skills, this meeting will present surgical developments through a wide variety of 
programs. 

Clinical Congress forms for advance registration, hotel accommodations, Postgraduate Courses, 
and transportation have already been sent to Fellows of the College. Non-Fellows may obtain these 
forms by writing to the American College of Surgeons, 40 East Erie Street, Chicago 11, Illinois. 
Fellows whose dues are paid to December 31, 1958, pay no registration fee; those whose dues are 
not paid as of that date pay $40.00; members of the federal services pay $20.00. No fee (except for 
Postgraduate Courses) is required of Initiates, members of the Candidate Group, and surgical 
residents. Everyone who attends a Postgraduate Course pays $5.00. The official Registration Desks 
will observe the following hours: Sunday, September 27, 3:00 to 6:30 p.m.; Monday, September 28, 
8:00 a.m. to 5:30 p.m.; Tuesday and Wednesday, September 29 and 30, 8:15 a.m. to 5 p.m.; 
Thursday, October 1, 8:30 a.m. to 5 p.m.; Friday, October 2, 8:30 a.m. to 4 p.m. 

Medical students from thirty-six medical colleges will attend the annual Clinical Congress as guests 
of the College. This student participation program was initiated in 1956 as an educational contribu- 
tion of the College, by action of the Board of Regents. Students are selected by vote of their class- 
mates, and medical colleges sending representatives to the Congresses are rotated. 

The following pages carry preliminary Clinical Congress information not listed in the preceding 
issues of SURGERY, GYNECOLOGY & OssTETRICS: Forum on Fundamental Surgical Problems; Motion 
Picture Program; Motion Picture Symposium on Spectacular Problems in Surgery; and Sympos- 
ium on Graduate Training in Surgery and in the Surgical Specialties. 


Forum on Fundamental Surgical Problems 
Monday, 8:30 a.m.—12:00 noon 
EXTRACORPOREAL CIRCULATION 


Survival of Red Blood Cells in Dogs Following Total Body Perfusion. RicHarp E. GARDNER and MERvyn F. 
Burke, San Francisco. 

A Method for Determination of Silicone (Anti-Foam) Content of Tissues. A. STEPHEN CLosE, WILLIAM L. 

Stusex, Rosert C. Meape, DERwWaARD LEPLEy, and Epwin H. Etuison, Milwaukee. 
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Experimental Evaluation of Pluronic F68 (a Nonionic Detergent) as a Method of Diminishing Systemic Fat 
Emboli Resulting from Prolonged Cardiopulmonary Bypass. Jesse E. ApAMs, Guy Owens, GEORGE Mann, 
James R. Heaprick, ANTHONY Munoz, and H. Wiu1am Scott, Jr., Nashville. 

Experimental Prolonged Partial Whole Body Perfusion. Joun H. FisHer, BriAN SMyTH, and OrvAR SWENSON, 
Boston. 

A Mechanism to Eliminate the Donor Blood Prime from the Pump-Oxygenator. Freperick G. Panico and 
Witrorp B. Neptune, Boston. 

Development of a Simplified Disposable Membrane Oxygenator. ARMAND A. CRESCENZI, PETER C. Horstra, 
KENNETH C. Sze, BouTweE.u H. Foster, C. Ltoyp Ciarr, and Cooper, New York. 

Evaluation of the P Wave External Cardiac Stimulator. Sam E. StepHENsoN, JR., P. J. Jouty, W. H. Epwarps, 
and L. H. Montcomery, Nashville. 

The Use of Closed-Chest Extracorporeal Circulation Without Oxygenation in Acute Myocardial Infarction 
with Shock. L. A. Kunn, F. L. Grup, A. FRANKEL, and S, Kuprer, New York. 

Studies of Assisted Circuiation in Heart Failure: Method of Producing Heart Failure in the Dog and the Effect 
of Partial Extracorporeal Bypass. FRANK J. VerrH and WENDELL B. THRoweR, Boston. 

The Relationship of Temperature, Gas, Tension, and Hydrostatic Pressure to the Formation of Gas Bubbles in 
Extracorporeally Oxygenated Blood. Davy E. Donatp and James L. Fettows, Rochester, Minnesota. 

Effect of Acute Changes in Peripheral Resistance During Cardiopulmonary Bypass. O. C. Juttan, M. Lopez- 
Beuio, R. C. Bauacor, F. Gomez, L. Sancuez, and G. Tasaxt, Chicago. 

Metabolic Acidosis and Oxygen Consumption Before, During, and Following Total Cardiopulmonary Bypass 
With and Without Hypothermia. E. Converse Peirce II and C. HARWELL Dasss, Nashville. 


Monday, 8:30 a.m.—12:00 noon 
LIVER AND PORTAL HYPERTENSION 


One-Stage Homotransplantation of the Canine Liver After Total Hepatectomy. Francis D. Moore, Louis L. 
SmiTH, Uricu H. Gruser, Harry V. Demisstanos, THomas K. Burnap, and Gustave J. Dama, Boston. 

The Survival Pattern of the Isolated Perfused Canine Liver. Harry V. DEMISSIANOS, ARTHUR SICULAR, OKAS 
BALANKURA, JOHN M. Kinney, and Francis D. Moore, Boston. 

Biochemical and Physiologic Studies on the Viable Extracorporeal Liver. Paut J. Kestens, W. GERALD 
AusTEN, and V. McDerwor?t, Jr., Boston. 

The Production of Sustained Portal Pressure Increases in the Dog. Antonio Bopa, Wixi1AM J. Hostnix, and 
Joun H. Carter, Albany. 

Esophageal Varices Produced Experimentally in the Dog. Tatsuo Tamiya and ALAN P. THat, Minneapolis. 

Changes in Hepatic Vasculature in Cirrhosis. Joun H. Carter, RicHarp E. Barron, and C. Stuart WELCH, 
Albany. 

Hepatic Blood Flow in Dogs Using a Common Hepatic Vein as a Sampling Site. WALTER F. BALLINGER II and 
Francis F. Bartone, Philadelphia. 

Mechanism of Portal Pressure Reduction by Pitressin. B. ErseMAN, W. SmLeN, and P. Ty.er, Denver. 

The Ammonium Tolerance Test in the Diagnosis of Disease of the Liver Portal Hypertension. Wimu1am V. 
McDermott, JR., Boston. 

The Effect of Formaldehyde on Experimental Ammonia Intoxication. MaRsHALL J. OrLorF and GeraLp W. 
Peskin, Philadelphia. 

Errect of a Humoral Factor on Liver Regeneration in Rats with Portacaval Shunts. S. H. Lez and BERNARD 
FisHER, Pittsburg. 

The Role of the Liver in the Regulation and Maintenance of the Blood Glucose Level. JosepH E. Soxat, Buffalo. 


Monday, 8:30 a.m.—12:00 noon 
TUMORS 


Effect of Cytotoxic Drugs on Tumor Immunity. RoBert Scurek, EvizaABeTH J. Jackson, GEORGE C. HENEGAR, 
and Freperick W. Preston, Chicago. 

Oncogenic Properties of Cell Free Filtrates of — Tumors. J. T. Grace, Jr., J. A. DiPaoto, E. A. Mrranp, 
and J. R. Haas, Buffalo. 

Immunologic Studies with Hamster Melanoma. J. HAROLD Conn and Wituiam R. Fain, Jackson. 

Tumor Inhibiting Effect of Homologous Living Cells Against a Rat Lymphosarcoma. FREDERICK W. PREsToN, 
ELIzABETH JACKSON, and GeorGcE C. HENEGAR, Chicago. 

Protective Effects of Immunity and Immune Serum on the Development of Hemolytic Anemia and Cancer 
in Rats. JeERome H. Sacks, Richmond. 
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The Effectiveness of Small Amounts of Irradiation in Decreasing the Number of Metastasis in an Experimental 
System. Ropert C. Hoye and Rosert R. Smiru, Bethesda. 

Parabiosis, Acquired Tolerance, and Immunity. J. B. Aust, C. Martinez, R. Gutman, and F. SHaptro, 
Minneapolis. 

The Effect of TSPA on the Growth of the Brown-Pearce Rabbit Tumor in Surgical Wounds. E. T. KREMENTz, 
M. L. Ker.in, and G. L. LEonarb, New Orleans. 

Effect of Nutritional Factors upon the Growth of Artificially Induced Hepatic Metastases. BERNARD FISHER 
and Epwin R. FisHer, Pittsburgh. 

Increased Antitumor Action of Nitrogen Mustard Caused by Induced Hypothyroidism. L. J. Humpurey, 
E. T. Hoppe, and F. A. pePrystr, Chicago. 

Increased ““Take” of Walker 256 Tumor in Rats Following Hypothermia and Cold Stress. Joun D. Grirritrus, 
Chicago. 

Effect of Adrenal Corticoids on Tumor “Take” in Rats. James R. CreatH, GeraLD O. McDona.p, and 
Warren H. Co re, Chicago. 


Monday, 1:30—5:00 p.m. 
STOMACH 


Subtotal Gastrectomy with Pyloric Sphincter Preservation. Prerce J. FLyNN and Wiiuiam P. Lonomire, JR. 
Los Angeles. 

Histamine Induced Peptic Ulceration After End-to-End and End-to-Side Billroth I Gastric Resections. Davin 
B. HinsHaw, Bruce BRANson, and CLARENCE E. STarrorp, Los Angeles. 

An Inhibitor of Peptic Activity Recoverable from Gastric Juice. S. FRANK Repo and Wiii1aM A. Barnes, New 
York. 

Critical Examination of the “‘Acid-Inhibition” Phenomenon in Dogs with Twin Antrum Pouches. DANIEL 
SuapiraA, Los Angeles, LEon MorGEnsterRN, and Davin State, New York. 

Effect of Gastric Sympathectomy on the Tonus and Motility of the Vagotomized Stomach. ALEx Coso, Kazuo 
Nacano, Atstrup N. Jonson, Jr., HARRY A. OBERHELMAN, JR., and Lester R. Dracstept, Chicago. 

The Role of Bile in Gastric Inhibition by Fat in the Small Bowel. Rene Mencuy, Oklahoma City. 

The Effect of Distention of the Duodenum on Gastric Secretion. Kazuo Nacano, Atstrup N. JOHNSON, JR., 
Harry A. OBERHELMAN, JR., and Lester R. Dracstept, Chicago. 

Inhibition of Gastric Secretion by Acid in the Antrum. Atstrup N. Jounson, JR., ALEX Cospo, Nazuo NaGAno, 
Harry A. OBERHELMAN, JR., and Lester R. Dracstept, Chicago. 

The Effect of Portacaval Transposition on Heidenhain Pouch Secretion in Response to Various Stimuli. JAMEs 
S. CLARKE, Matcoim Horrs, and Sasri Ex Farra, Los Angeles. 

The Effect of Total Pancreatectomy on Gastric Secretion. RONALD E. GoeLzer, New Haven. 

Studies on the Relation of the Pancreas to Gastric Secretion. HERBERT B. GREENLEE, THomAs S. NEtson, and 
Lester R. Dracstept, Chicago. 


Monday, 1:30—5:00 p.m, 
TUMORS 


Factors of Basic Importance in the Management of Epithelial Tumors of the Colon. Joun S. Spratt, Jr., 
Lauren V. ACKERMAN, and Cart A. Moyer, St. Louis. 

Radioisotope Implantation into the Internal Mammary Vessels for Breast Cancer. RicHARD D. BRASFIELD and 
Uxricu K. Henscuke, New York. 

Sinus Histiocytosis as Evidence of Host Resistance in Breast Cancer. Benjamin F. Byrp, Jr., J. B. THomison, 
and Sam E. STEPHENSON, JR., Nashville. 

The Induction of Bronchial Epithelial Hyperplasia in Hamsters by Human Cancerous Bronchial Secretions. 
Artuur A. Stein, Albany. 

Tumor Cells in the Thoracic Duct Lymph. Arvin L. Watne, Imron Hatipociu, and Grorce E. Moore, 
Buffalo. 

Recovery of Malignant Cells from Enema Returns in Carcinoma of the Colon. ALAN B. CAMERON and RAYMOND 
Tuaset, Columbus. 

The Use of Human Tumors in Primary Culture for Testing Anticancer Compounds. GERALD O. McDonaALp 
and WarrEN H. Cote, Chicago. 

Physiology of Extracorporeal Circulation: Studies of Blood Flow. Oxygen Consumption and Metabolism in the 

Isolated and Perfused Limb. Georce C. Horrincer, Rosert F. Ryan, Jose P. and 

ReemtsmMA, New Orleans. 
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A Simple Technique for the Isolation and Perfusion of Hind Limb of Rats with Antineoplastic Agents. W. 
Paw.uk, C. M. Couves, and B. D. Marcotus, Alberta, Edmonton, Canada. 

Isolated Liver Perfusion with HNe. R. K. Ausman and J. B. Aust, Minneapolis. 

Appraisal of Tumor Cell Spread into the Abdominal Cavity. Georce E. Moore, Eucene Burke, FREDRIK 
SKJORTEN, JORGE BapiLLo, and TatsuHE1 Konpo, Buffalo. 

Lymphatic Localization of Malignant and Bacterial Cells. Joun F. Burke, Boston. 


Monday, 1:30—5:00 p.m, 
ORTHOPEDIC SURGERY 


Fat Embolism: Correlation of Serum Lipase Level with the Incidence of Lipuria. FepEr1co ADLER, Sinc-Pinc 
Lar, and Leonarp F. Petter, Kansas City. 

A Study of the Growth of Human Epiphyses of the Tibia and Femur. ALrrep E. Krirrer and WALTER P. 
Biount, Milwaukee. 

An Experimental Study of the Effects of Subtrochanteric Osteotomy and Partial Synovectomy at the Hip. 
S. S. SHutman, Halifax, Canada. 

Extraosseous and Intraosseous Blood Supply of the Tibia. Gzorce E. Netson, Patrick J. Ketty, Josep M. 
Janes, and Lowe tt F. A. Peterson, Rochester, Minnesota. 

The Treatment of Chronic Osteomyelitis with High Dosages of Antibiotics Using the Isolation-Perfusion Tech- 
nique. Rogert F. Ryan, Georce W. Georce C. Hottincer, KerrH Reemtsma, and JAck 
Wickstrom, New Orleans. 

Prophylactic Antibiotics in Elective Operations on Bones, Joints, and Tendons. Mervin Oxtx, THomas Kiuc, 
and S. SmirH, Columbus. 

The Use of Freeze Dried Full Thickness Skin Homografts to Replace the Achilles Tendon in Dogs. J. Orro 
Lotres, W. Epwarp LANscHE, WARREN G. Stamp, and A. E. McGinnis, St. Louis. 

Immunologic and Histologic Investigation of Heterogenous Bone Transplants. W. H. Siecrist and W. F. 
ENNEKING, Jackson. 

Free Autogenous Whole Joint Grafts. Joun R. Atcer, Ann Arbor, and Martin A. Entin, Montreal, Quebec, 
Canada. 

The Second Injury Phenomenon as it Relates to Callus Formation. RicHarp F. SLaceR and Wiuias 
Columbus. 

Effect of Immobilization on Ca* and Sr® Metabolism with Special Reference to Scoliosis. F. BRonNER, J. R. 
Coss, P. D. Wison, JR., J. A. NicHotas, and New York. 

The Electrical Response of Human Skeletal Muscle to Passive Stretch. Robert A. BECKER, Syracuse. 


Tuesday, 8:30 a.m.—12:00 noon 


PLASTIC SURGERY 


The Effects of Hypothermia on Pedicle Flap Tissue. Ciirrorp L. Krenn and Joun D. Des Prez, Cleveland. 

The Relationship of Postischemic Histopathologic Changes to Muscle and Subcutaneous Temperature Patterns 
in the Canine Extremity. James W. WALKER, F. X. Paterra, and THEopoRE Cooper, St. Louis. 

A Study of the Physiologic Integrity of Free Grafts of Intestinal Mucosa. Howarp RicHMaAN, Routo A. ArpI- 
ZONE, and Cuares G. NeuMANN, New York. 

Effects of Whole Body X-Irradiation on Wound Healing. StanLEy M. Levenson, JAMEs F. Oates, and ERviNG 
F. Geever, Washington, D. C. 

The Evaluation of Collagen Film Applied to Skin Defects in Mice. A. M. Pappas and G. W. Hyatt, Bethesda. 

Use of Heterograft Skin as a Biologic Dressing. I. H. Soxoric, A. Farpour, and A. W. Ux, Philadelphia. 

The Local Leucocytic Response to Skin Grafting. J. E. Bennett, J. A. Bass, Erste W. Houston, and T. G. 
BLockeER, JR., Galveston. 

The Immunology of Sublethally X-Irradiated Rabbits. Marcus Brooke, ANDRE Govaerts, and JosEPH 
Murray, Boston. 

Clinical and Experimental Studies in Fetal Skin Homografting. C. C. Beit, Jr., B. W. Haynes, Jr., D. M. 
Hume, and R. H. Ecpaut, Richmond. 

Evidence for Quantitative Variation in Histocompatibility Antigens Between Strains of Commercially Bred 
Rats. Donatp G. McQuarrik, FRANKLIN ROLLER, WiLLIAM R. MEEKER, and Ricuarp L. Varco, Min- 
neapolis. 

Time-Lapse Cinematography Studies of the In Vitro Action of Serum from Homograft Animals. P. I. TeRASAKI, 
J. A. Cannon, and W. P. Lonemire, Jr., Los Angeles. 
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Tuesday, 8:30 a.m.—12:00 noon 


CARDIOPLEGIA 


Study of the Use of Intravenous Urea After Simulated Cardiac Arrest in Dogs. Witt1am P. Younc and Ma- 
NUCHER Javip, Madison. 

A Method of Safely Prolonging Induced Cardioplegia. James R. HEADRIcK, W. Davin StRAYHORN, ANTHONY 
J. Munoz, and Jesse E. Apams, Nashville. 

Continuous Perfusion of the Arrested Heart with Arterialized Hypocalcemic Blood. L. C. CLark, Jr., FRANK 
Berc, Cuamp Lyons, and Sam Kaptan, Birmingham. 

Measures to Limit the Myocardial Depression Associated with Elective Cardiac Arrest. V. L. WiLLMAN, 
THEODORE Cooper, PANAGIOTIS ZAFIRACOPOULOS, and C. Rotiins HANton, St. Louis. 

Myocardial Metabolism During Elective Cardiac Arrest Determined by Biochemical Analysis of Multiple 
Cardiac Biopsies. D. P. Hatt, R. G. Extxtison, W. H. Moretz, E. L. Brackney, W. BuTier, V. BERN- 
sTEIN. and S. A. StncAL, Augusta. 

The Measurement of Portal-Systemic Circulation Time: a New Method for Determining the Patency of a 
Portacaval Anastomosis. R. T. L. Lone, C. R. Lomparpo, E. BRAUNWALD, and A. G. Morrow, Bethesda. 

Changes in Cardiac Excitability with Anesthetization of the Sinoauricular or Atrioventricular Node. S. Wax 
and W. R. Wess, Jackson. 

Localization of the Bundle of His During Cardiotomy. Jackson H. Stuckey, Brian F. HorrMan, Norman S. 
Amer, F. CRANEFIELD, RicHarD R. and Ropotro T. Dominco, Brooklyn. 

The Antiarrhythemia Properties of the Tranquilizer Drugs. Russett M. Netson, James W. Henry, GorDON 
FRANK, DENNIS CHRISTENSEN, and JOHN Peters, Salt Lake City. 

The Effect of Induced Cardiac Arrest by Potassium Citrate and Acetylcholine on Ventricular Function. 
L. Weiricu, Ropert W. Jones, and Mervyn Burke, San Francisco. 

Myocardial Contractility in Man: the Acute Effects of Digitalis, Sympathomimetic Amines, and Anoxic 
Cardiac Arrest. R. D. BLoopwe.L, L. I. GoLpBerc, E. BRAUNWALD, J. W. GiLBerT, J. A. Ross, and A. G. 
Morrow, Bethesda. 

Studies of the Relationship Between Sympathoadrenal Function, Acid-Base Derangements, and the Responsive- 
ness of the Force of Ventricular Contraction. W. B. THrower, T. D. Darsy, and E. A. ALDINGER, Charles- 
ton. 


Tuesday, 8:30 a.m.—12:00 noon 

PANCREAS AND BILIARY TRACT 

The Role of Incomplete Pancreatic Duct Obstruction in the Etiology of Pancreatitis. Ropert E. HERMANN and 
Joun H. Davis, Cleveland. 

An Experimental Evaluation of Pancreatic Ductal Reconstruction. A. Ropert BAvEerR, Dan W. E ttiott, and 
W. R. C. Stewart, Columbus. 

Studies in Pancreatic Arteriography. Jor W. Frazer, Jr., W. G. ANLYAN, and G. J. Bayiin, Durham. 

An Antibody Test for Chronic Pancreatic Disease. ALAN P. THAL, M. JoHN Murray, and WILLADENE EGNER, 
Minneapolis. 

The Quantitative Fecal Urobilinogen Test in the Preoperative Diagnosis of Malignant Obstructive Jaundice. 
Hans Ratu and Ciarence Dennis, Brooklyn. 

Serum Enzymes in the Diagnosis of Pancreatic and Hepatic Disease in Anicteric Patients. Esrepan P. PinepA, 
Jutrus A. GoLpBARG, and ALEXANDER M. RuTENBuRG, Boston. 

Changes in Thoracic Duct Chyle Effected by the Pancreas. ALLAN E. Dumont and Jonn H. MULHOLLAND, 
New York. 

Production of Gallstones by Prolonged Administration of Progesterone and Estradiol in Rabbits. K. IMAMocLu, 
S. L. WANGENSTEEN, H. D. Root, P. A. Sacmon, and W. O. GrirFEN, Minneapolis. 

Isotopic Labelling of Biliary Tract Stones. Corin G. THomas, JR. and Ropert Linker, Chapel Hill. 

Further Experience, Experimental and Clinical, in Reconstruction of the Common Duct Without the Use of 
Internal Splints or Stent Supports. Joun L. Mappen and Witiiam J. McCann, New York. 

Bridging Defects in the Common Bile Duct by the Use of a Teflon Prosthesis. Davin KramisH, H. Mason 
Morrit, and Roprico ALTMANN, Denver. 

A Study of Extrahepatic Biliary Excretion Utilizing the Isolated, Circular, Intestinal Loop. Epwarp S. Star- 
FORD, Louise SGCHNAUFER, and Donatp F. Cong, Baltimore. 
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Tuesday, 1:30—5:00 p.m. 
CARDIAC DIAGNOSTIC TECHNIQUES 


The Double Cardiac Catheter Dye Technique in Determining Intracardiac Shunts. ALBERT L. Hyman, A. C. 
DeGrarr, and A. C. Quiroz, New Orleans. 

The Localization of Circulatory Shunts with a Simplified Indicator Dilution Technique. W. Prarr, E. BRauN- 
WALD, R. T. L. Lone, and A. G. Morrow, Bethesda. 

An Indicator Dilution Method for the Detection and Quantification of Pulmonic or Tricuspid Regurgitation. 
N. P. Cotiins, E. BRAUNWALD, and A. G. Morrow, Bethesda. ; 

Estimation of Mitral Insufficiency by Isotope Dilution Techniques. James A. DeWEEsE, Rochester, New York. 

The Quantitation of Acute Experimental Mitral Insufficiency with Left Heart Cinecardio-Angiography and 
Pressure Studies. Joz G. Jontz, Eucene C. Kiatre, and Kuna, Indianapolis. 

Subtotal and Total Replacement of the Aortic Valve with Plastic Valve Prostheses. Davin M. Lona, Jr., 
LaurRENCE P. STeRNS, RopertT DEREIMER, HERBERT E. WARDEN, and C. Watton LILLEHE!, Minneapolis. 

Experimental Transposition of Great Vessels. H. M. AtBert, M. Artix, C. C. CraicHeap, and B. Grass, 
New Orleans. 

Significance of Repeat Injections of Contrast Medium in the Genesis of Spinal Cord Damage Resulting from 
Aortography. Duncan A. KiILLen and Epwarp M. Lance, Nashville. 

The Demonstration of the Hemodynamic Changes of an Arteriovenous Fistula by Arteriography. J. W. Hit1- 
MAN, R. G. KicEr, J. ALLEN, and C. THomas, Nashville. 

The Role of Red Cell Agglutination in Arteriographic Complications. Raymonp C. Reap, Minneapolis. 

Direct Flow Measurements in Evaluation of Surgery for Arteriosclerosis. Y. Sako, W. Woypa, and D. J. 
Fercuson, Minneapolis. 

Measurement of Collateral Circulation Produced by Enteronephropexy. Lez H. Ritey, Jr., and James R. 
CANTRELL, Baltimore. 


Tuesday, 1:30—5:00 p.m. 
STOMACH AND SMALL INTESTINE 


Ulceration of Duodenum and Stomach by an Intermittent Low Pressure Jet of Gastric Juice. W. O. GriFFEN, 
P. A. Satmon, J. R. S. Paterson, ALDo CasTANeDA, and Farouk Fatrau, Minnesota. 

An Experimental Objective Study of the Role of the Intact Pylorus in the Prevention of “Dumping Syndrome” 

Following Gastric Operations on Dogs. Ernest RieGER and STANLEY R. Friesen, Kansas City. 

A Study of Water ‘‘Shifts” in Experimental Dumping Syndrome. WALTER Lawrence, JRr., and DonaLtp H. 
Martuews, New York. 

Bowel Anastomosis in the Presence of Peritonitis. HERBERT ROTHENBERG, JAMESON L. Cuassin, STUART SHER, 
and Puiturp E. Lear, New York. 

Serum Lactic Acid Dehydrogenase: an Aid to the Diagnosis of Intestinal Ischemia. RicHARD M. Braun, PAuL 
D. Harris, and CuHarves D. SHERMAN, JR., Rochester, New York. 

Homografts of the Small Bowel. RicHarp C. Littener, BERNARD GoorttT, and FLeTcHER A. MILLER, Min- 
neapolis. 

Intraperitoneal Antibiotic Administration. IsmorE Coun, Jr., and Betre BEaucLair, New Orleans. 

Certain Plasma-Enzyme Levels After Experimental Obstruction and Infarction of Segments of the Small 
Intestine. NorMAN E. Larson, GERARD A. FLEIsHER, H. Derarinc, and Jesse L. BoLLMAN, 
Rochester, Minnesota. 

Serotonin Release Mediated by Intraluminal Sucrose Solutions. Ricuarp S. O’Hara, RicHarp O. Fox, and 
Jack W. Cote, Cleveland. 

Experimental Production of Megacolon Resembling Hirschsprung’s Disease. F. M. McELHANNoN, Nashville. 

A Method of Collection of Gastric Secretion in Rats. StrantEy C. Skoryna and D. R. WessTER, Montreal, 
Quebec, Canada. 

The Role of an Intrinsic Sphincter Mechanism in the Prevention of Reflux Esophagitis. P. R. Incram, J. C. 
Respess, and W. H. Mutter, Jr., Charlottesville. 


Wednesday, 8:30 a.m.—12:00 noon 
HYPOTHERMIA 
The Transplantation of Supercooled Hearts. ERNest M. BarsaMIAN, STANLEY W. JAcos, OweEN E. Owen, and 


SAMUEL C. CoL.ins, Boston. 


Studies on the Pressure Tolerance of Rats in Extreme Hypothermia. Tassapux H, Mocuut, STantey W. 
Jacos, and Samuet C. Co tins, Boston. 
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Lowering of the Mean Terminal Temperature of Surfaced-Cooled Dogs by Intravenous Heparin. LEonarp 
CaRANNA, VERNON MontTGomMERy, and Henry Swan, Denver. 

Topical Cardiac Hypothermia for Extended Periods of Anoxic Arrest. NorMAN E. SHumway and RicHarp R, 
Lower, San Francisco. 

Differential Hypothermic Cardioplegia. Harotp C. Urscuet, Jr., and Jack J. GREENBERG, Bethesda. 

Preliminary Observations in Isolated Hypothermic Cardiac Asystole. Norman M. Kenyon, Howarp J. Beck, 
YuTaKA Surpota, J. Stonim, and Rosert S. Litwak, Coral Gables. 

Relationship of Body “Participating Mass” to Cooling Rate in Internal Hypothermia. DAnieL M. ENERson, 
Fritz SEBENING, and JouN F. Nevitie, New York. 

The Prevention of Ventricular Fibrillation During Profound Hypothermia by Quinidine. Pau A. Jonson, 
ALAN M. Lesace, W. GLENN Youna, JR., and Witt C. Seay, Durham. 

Influence of Deep Hypothermia upon Sensitivity of Rats to X-Ray Radiation. Riccarpo BENvENuUTO and F, 
Joun Lewss, Chicago. 

High Energy Phosphate Levels in the Human Heart During Potassium Citrate Arrest and Selective Hypo- 
thermia Arrest. V. L. Gort, J. Jounson, and C. Watton LILLeHE!, Minneapolis. 

An Integral Fin-Type Blood Heat Exchanger. W. W. L. GLEnn, J. A. S. Stotwiyk, G. M. Rapp, M. Hime, 
and H. ANNAMuNTHODO, New Haven. 

Laboratory and Clinical Evaluation of a New Absorbable Hemostatic Material Prepared from Oxidized 
Regenerated Cellulose. ALvin LEBENDIGER, GeorcE F. Gitiirz, S. Hurwitt, Gorerrrey H. 
Lorp, and Joun Henperson, New York. 


Wednesday, 8:30 a.m.—12:00 noon 


BURNS AND MISCELLANEOUS 


Experimental Burns. J. U. ScHLEGEL and F. Gaxor, New Orleans. 

Adrenal Medullary Insufficiency in Human Thermal Burns. McC. Goopatt and B. W. Haynes, Jr., Richmond. 

An Experimental Appraisal of Heparin in Burns. Bryon E. Green and Curtis P. Artz, Jackson. 

Carbon Dioxide Loss from Burned Skin. DonALp E. Watson, Pau R. ScHLOERB, and DanrAL C. Darrow, 
Kansas City, Kansas. 

Hemodynamic Studies in Severely Burned Patients. ALLAN M. Unper and B. W. Haynes, Jr., Richmond. 

The Potential Fibrinolytic Activity of Human Fibrinogen. Invinc M. Potayes, THomas L. Hawkins, JR., and 
SAMUEL R. Powers, Jr., Albany. 

Clinical and Laboratory Studies on the Fibrinolysin System and Its Therapeutic Use. Jutian L. Amsrus, 
Ciara M. Amprus, JosEpH E. SOKAL, GABoR Markus, and NaTHAN Back, Buffalo. 

In Vitro Incorporation of Rb-86 by the Erythrocyte as an Index of Intracellular Potassium; Studies in Patients 
with Renal Insufficiency. GEorcE C. HENEGAR, ALLEN M. RANSDELL, FREDERICK W. PreEsToN, BARBARA 
N. Roecker, and Joun A. D. Cooper, Chicago. 

Prophylactic Daily Hemodialysis in the Treatment of Acute Renal Failure. Pau E. Tescuan, Tuomas F. 
O’Brien, and Cuar.es R. Baxter, Fort Sam Houston. 

The Experimental Production of Acute Renal Tubular Necrosis in Dogs. Martin S. Lirwin, Cart W. WALTER, 
and Nem Jackson, Boston. 

The Role of the Kidney in Hypocalcemia Induced by Citrate Infusion. MicHaEL G. WEIDNER, JR., and GEORGE 
H. A. Ciowes, Jr., Cleveland. 

Subcutaneous Dialysis in Uremia. B. F. Rusn, Jr., and G. F. Davictus, Baltimore. 


Wednesday, 8:30 a.m.—12:00 noon 
HOMOTRANSPLANTATION AND ENDOCRINES 


Observations on the Function and Morphology of Parathyroid Tissue Homografts in the Dog Using Millipore 
Chambers. H. Swan, R. HA.tiin, and P. CaLLaGHan, Denver. 


Investigations into the Properties of Membrane Filters Used in Tissue Homotransplantation. GzorcE J. Hitt II, | 


Joun R. Borper, ARTHUR SicuLAR, JOHN R. Brooks, and Francis D. Moore, Boston. 

Homotransplantation of Canine Parathyroid Tissue in Millipore Diffusion Chambers: the Phenomenon of 
Adaptation to the Aparathyroid State. RicHarp E. Witson, Rosert M. ZOLLinGER, JR., JoHN H. Manan, 
and Joun R. Brooks, Boston. 


The Fate of Autologous Bone Marrow Transplantation in an Ectopic Locus. STANLEY W. JAcos, Winuiam C. 


Mo .oney, Ernest M. BarsaAMiANn, and J. ENGLEBERT Dunpuy, Boston. 
Source of Epinephrine Versus Norepinephrine: Further Studies. THeLmMa E. Carter and James D. Harpy, 
Jackson. 
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Effect of ACTH on the Plasma 17-21 Dihydroxy Steroid Levels in Normotensive and Hypertensive Patients. 
Davw Y. Cooper, L. L. Jounson, J. C. Toucustone, Otto RoseNTHAL, and W. S. BLAKEMORE, Phila- 
delphia. 

The Effect of Portacaval Shunting on Urinary Aldosterone Excretion. ARNOLD MirTELMAN, Don O. Gore, 
and Haro.p G. Barker, New York. 

Effects of Acute Arterial Blood pH Changes on Catecholamine Plasma Levels and Circulatory Adaptations. Ga- 
BRIEL G. Nanas, BENJAMIN MEHLMAN, and JEAN CLaupeE Licou, Washington, D. C. 

Erythropoietin—a Renal Hormone. Louts F. Puzax, Jr., Boston. 

Renal Function Changes in the Dog Hypophysectomized for Ascites. Ropert L. Craic and NicHotas WETZEL, 
Chicago. 

The Influence of Thyroidectomy on Experimental Ascites. I. Kreex, J. W. Canter, R. L. Secat, A. FRANKEL, 
and I. D. Baronorsky, New York. 

Early Changes in Intravascular Pressures, Platelets, and Serotonin After Escherichia Coli Endotoxin Administra- 
tion. R. B. Davis, D. G. McQuarrie, and W. R. MEEKER, Jr., Minneapolis. 


Wednesday, 1:30—5:00 p.m. 
NUTRITION, WOUNDS, AND INFECTION 


Limiting Factors in Maximal Utilization of Intravenous Glucose by the Postoperative Patient—I, Thiamine 
Deficiency. W. W. Coon and E. F. WotrMan, Jr., Ann Arbor. 

Some Metabolic Effects of a New Parenteral Anabolic Agent. Everetr L. Darcan, WiLt1AM METCALF, and 
Sam Katz, New York. 

A Correlation Between Positive Nitrogen Balance and Total Exchangeable Albumin in the Cachectic Patient. 
Rosert E. Mappen, London, England. 

The Effect of Heparin and Ascorbic Acid upon the Formation of Collagen. D. A. Ontwiter, M. J. JRuKiEwicz, 
H. R. Butcuer, Jr., and J. B. Brown, St. Louis. 

The Effect of Hydroxyproline and Reconstituted Collagen upon Wound Healing in Protein Depleted Rats. 
Erte E. Peacock, Jr., and Jerry M. Petry, Chapel Hill. 

The Influence of Cartilage on the Time Course of Wound Healing. Mervin S. Scuwartz, Frank Gump, and 
Joun F. Pruppen, New York. 

A Technique for Evaluating Humoral and Chemical Factors Influencing Epithelization in Man. Nicuo as S. 
GimBEL, CHar.es F. VEAzEy, and DonaLp I. Kapetansky, Detroit. 

Deposition of Radioisotopes in Surgical Incisions in Man. Harotp B. Hatey, STANLEY ZyDLo, and MarTIN 
B. Chicago. 

Marlex Mesh: a New Polyethylene Mesh for Replacing Tissue Defects. Francis C. UsHer and Joun L. Ocusner, 
Houston. 

A Study of the Production and Prophylaxis of Wound Infections in the Experimental Animal. Box Y. Leer, 
WituraM J. McCann, and Jonn L. Mappen, New York. 

Development of New Bacteriophages for Staphylococcal Typing. Donatp C. Tuomas, Epwarp O. Hinz, 
R. CuLBEerRTSON, and A. ALTEMEIER, Cincinnati. 

Staphylococcal Bacteriophage in Experimental Infections in Mice. Witu1am R. Muir and Wituam S. BLAKE- 
morE, Philadelphia. 


Wednesday, 1:30—5:00 p.m. 

CORONARY ARTERY DISEASE 

Comparison of Radical Cardio-omentopexy with the Beck I and Vineberg Sponge Operations for Revasculariza- 
tion of the Heart. FRances Knock, Chicago. 


Radiation Induced Coronary Arterial Collateral Circulation. ELLiotr SEnpERoFF, Davin J. Kavez, Mamoru 
KENEKO, and Ivan D. Baronorsky, New York. 


A Noncannulating Measurement of Coronary Blood Flow. E. L. Marston, CHARLES BAREFoorT, and MERRILL 


P. SPENCER, Winston-Salem. 
» A Quantitative Study of the Effect of Radio-Opaque Contrast Media on Coronary Blood Flow. Davin C. 
i SABISTON, JR., and James L. TALBERT, Baltimore. 

| Peripheral Opacification of the Aortic Stream—a Method for Selective X-Ray Demonstration of the Coronary 
Arteries and Other Visceral Branches of the Aorta. Joun A. Wittiams, Peter B. LAMBERT, SVEN BELLMAN, 
and Howarp A. FRankK, Boston. 

» Role of Position in the Development of Cerebral Air Embolism Following Air Injection at the Base of the 
Aorta. ALBIN A. Bacponas, JACKSON STUCKEY, CLARENCE Dennis, RICHARD CAPPELLETTI, RUDOLFO 
Dominco, and Norman Amer, Brooklyn. 
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Fibrillation Threshold of Ventricular Myocardium in Relation to Graded Changes in Coronary Inflow. Howaro} Zhe O 
A. FRANK, PETER B. LAMBERT, SVEN BELLMAN, and JoHN A. WILLIAMS, Boston. M 


Criteria for the Long-Term Evaluation of Plastic Arterial Substitutes. D. E. Szitacy1, J. G. Wurtcoms, E. A. A 
HERSHEY, JR., and WALTER SCHENKER, Detroit. The : 


Experimental Use of Teflon Prostheses for Elongation of the Inferior Vena Cava in the Baffes Operation. Paso elton 
A. Dava.os, H. SEwe and J. Harotp Harrison, Atlanta. Tolera 
Factors Affecting the Deposition of Atheromas in the Aorta and Vascular Prosthetic Grafts in Rabbits. D. fF, H 
RENDLEMAN, RicHARD Tarizzo, S. G. Economou, and M. E. Bryant, Chicago. 
Use of Radioactive Sodium and Risa in the Evaluation of the Edematous Leg. Etior H. Berc, Sicmunp A} Thursc 
WEsoLowskI, and LAVonnE Y. SENN, Brooklyn. THRC 
Anatomical Studies of the Distal Popliteal Artery and Its Branches. GEorcE C. Morris, Jr., ARTHUR C. BEALL, 


Jr., Berry, and Micuae E. DeBakey, Houston. The E 
A Study of the Internal Carotid Arteries in 100 Consecutive Strokes. J. J. McCaucuan, Jr., Memphis. ea 
Thursday, 8:30 a.m.—12 noon Stu Ps 
UROLOGY A Tecl 
Effect —— Acidosis on Renal Blood Flow. W. J. Brooker, J. S. ANsELL, and E. B. Brown, Minne-f 4 Bs 
apolis. 
Observations on the Effect of Mannitol on Renal Hemodynamics and Oy Tension in the Urine and Renal Vein. ; 
Wit.iaM Hostnik, SAMUEL R. Powers, JR., ANTONIO Bosa, and ARTHUR STEIN, Albany. An Ex 
Observations Using Diodrast I'*! as an Index of Renal Function in Autotransplantation and Homotransplanta- F 
tion. E. J. Feper, S. H. Lee, and Bernarp FisHer, Pittsburgh. Fibrin 
The Role of the Lymphatic System in Pyelonephritis. Joun J. MurpHy, HARRY SCHOENBERG, and RavpH H. G 
Scott, Philadelphia. Maint 
Bacteremic Shock: Hypothermia as a Therapeutic Adjunct. ABRAHAM T. Cockett and WILLARD E. Goopwiy, E 
Los Angeles. How I 
Effect of Intermittent Clamping of the Renal Pedicle. Paut J. SrueBer and Lester Persky, Cleveland. bs 
The Effects of Temporary Renal Vascular Occlusion in Dogs. Puitiip P. Porcu, Nem O. CHAMBERLAIN, and H 
Wi.u1aM H. Epwarps, Nashville. The E 
Urethrovesical Dynamics in the Normal Human. Jack Lapwwes, Epwarp P. AjeMIAN, Bruce H. Stewart, and 
Jack R. Licutwarpt, Ann Arbor. 
Surgical Closure of Bladder Exstrophy. Joun K. Lattimer, New York. . Si 


Replacement of the Urinary Bladder by a Plastic Reservoir with Mechanical Valve. Morton Bocasu, F. PETER 
Kou er, and Joun J. Murpny, Philadelphia. Thurs 
Bladder Replacements with Small and Large Bowel Segments: Comparative Study. S. R. WemnBerT, B. PENG,| NEUR 
and A. ULtMaNn, Brooklyn. 


Radioactive Iodine Absorption in Intestinal Segments Covered with Uroepithelium: an Experimental Study. An Ex 
G. Pace, MicHAEL GILBERT, and Rosert J. Izant, Columbus. 
Thursday, 8:30 a.m.—12 noon ~~ 
SHOCK Cereb: 
Vasopressors Versus Vasodilators in the Hypovolemia of Standard Hemorrhagic Shock. N. SHausazi, W. R. E be 
xperi 

Wess, and J. JAckson, Jackson. T 

A Comparative Study of the Effectiveness of Adrenal Cortical Compounds in Hemorrhagic Shock. Davp Experi 
L. Bruns and Joun E. Connotty, San Francisco. B 


The Effect of L-Norepinephrine and Chlorpromazine upon the Renal Cortical Oxygen Tension in Acute 
Hemorrhagic Hypotension. M. Y. Roy and E. A. Husni, Cleveland. 

Modifying Irreversible Hemorrhagic Hypotension with Saline Solutions. JERRy STiRMAN, JOHN DopceE, and 
Bren J. Witson, Dallas. 

The Effects of Alcohol Ingestion on Experimental Hemorrhagic Shock. L. K. Moss, New Orleans. 

Further Bacterial Studies in Hemorrhagic Shock. W. R. CuLBERTson, WESLEY Eston, and W. A. ALTEMEIER, 
Cincinnati. 

A Comparison of the Effects of Irreversible Hemorrhagic and Endotoxin Shock on Serotonin Concentration in 
Blood. J. C. RosenBERG, R. C. Littene1, W. H. Moran, and B. ZimMERMANN, Minneapolis. 
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The Origin and Utilization of Ammonia in Shock—a Comparison of the Levels of Blood Ammonia and Other 

Metabolites in the Portal and Systemic Circulation During Shock. R. Apams CowLrEy, SAMUEL P. BEssMAN, 

ARLIE R. MANSBERGER, JR., JOHN R. Hankins, Ropert W. Buxton, and Frewa Rupo, Baltimore. 

The Simultaneous Determination of Plasma Volume and Red Cell Mass with the Pulse-Height Analyzer. 
Karu E. Kartson and LaVonne Y. SEnn, Brooklyn. 

Indirect, Continuous Monitoring of Blood Pressure. Ropert W. Core.i and RALPH Apams, Boston. 

Tolerance for Transfusion in Presence of Impaired Cardiac Reserve. Martin L. Datton, JR., and James D. 

Harpy, Jackson. 


Thursday, 8:30 a.m.—12 noon 
THROMBOSIS AND LUNG 


The Effects of Muscle Stimulation on Hind Limb Blood Flow and on Experimentally Produced Venous Throm- 

bosis. W. A. Strutz, C. M. Couves, G. F. Bonnar, and W. C. MacKenzie, Edmonton. 

The Use of Dilute Solutions of Formaldehyde as an Antiheparin Agent. Hittary H. Trmmis and Greratp W. 
Peskin, Philadelphia. 

Studies on Direct Current Coagulation. P. N. Sawyer, S. A. WesoLowskI, and E. E. Sucxuine, Brooklyn. 

A Technique Permitting Operation upon Small Arteries. E. StanLEy CRAwrorp, Paut R. Euuis, JR., ARTHUR 

C. BEALL, and Micuaet E. DeBakey, Houston. 

A Comparison of the Incidence of Thrombosis in Small Arteries Following Repair of Transverse and Longi- 

tudinal Incisions. S. ENGLER, WILLIAM M. HEADLEY, GEORGE W. SmiTH, and H. Moretz, 

Augusta. 

An Experimental Evaluation of Partitioning of the Inferior Vena Cava to Prevent Pulmonary Embolism. 
Frank C. Spencer, Baltimore. 

Fibrinolysis Demonstrated in Vivo with Radioactive Pulmonary Embolus. MicuareL Hume and W. W. L. 
GLENN, New Haven. 

Maintenance of Pulmonary Arterial Medial Hypertrophy in Newborn Pups. GitBert S. CaMpBELL, WILLIAM 
E. Jaques, and Davin D. Snyper, Oklahoma City. 

How Functional Is a Reinflated Lung After Total Chronic Atelectasis? Epwin T. Lonc, ARTHUR F. REIMANN, 
Wiiuiam E. Apams, TAKEMARU Mikoucui, SALVATORE L. Nicro, GERALD P. HERMAN, and Rosert W. 
Harrison, Chicago. 

The Effect of Intermittent Positive Pressure Breathing on Intrapulmonary Mixing in Pulmonary Emphysema. 
Gioria Torres, PETER A. Emerson, and Haro tp A. Lyons, Brooklyn. 

Fundamental Improvements in Design of the Tracheostomy Tube. Rosert L. Kistner, St. Louis. 

The Effects of Spontaneous Ventilation and Coughing upon Blood Gas Changes Secondary to Endotracheal 
Suction. Joun J. Cincotti, Tomas E. P1azza, ANTONIO Bopa, and CHARLES LANDMESSER, Albany. 


Thursday, 8:30 a.m.—12 noon 
NEUROLOGIC SURGERY 


An Experimental Method for Producing Differential Hypothermia in the Central Nervous System. H. BEREzow- 
sk1, H. Samson, G. S. Bropy, and H. Eturot, Montreal. 

Hypothermia in Anterior III Ventricle and Parasellar Lesions in Children. JosepH RaNnsonorrF, New York City. 

Clinical Evaluation of Hypothermia in Brain Stem Contusion in Children. Josep Kerry and 
Parvo, Louisville. 

Cerebral Component of Acid-Peptic Secretion Following Head Injuries in Experimental Animals. P. A. SaLmon, 
W. O. Grirren, Jr., J. R. S. Parerson, F. Fatran, and A. CastanepA, Minneapolis. 

Experimental Observations upon Chronic Progressive Lesions of the Brain Stem Tegmentum and Midline 
Thalamus. HERBERT Louri£E, PRABHUNDHA VANASUPA, and James L. O’Lgary, St. Louis. 

Experimental Cerebral Edema in Dogs: a New Technique for Objective Measurement. Harris M. Hauser, 


1 Acute 


GE, and 


EMEIER, 


ation in 


BERNARD F. McKenzie, Henprik J. Svien, and Norman P. Rochester, Minnesota. 
Evaluation of Cerebral Venous Hypertension as Therapy for Cerebral Infarction. Guy Owens, Nashville. 
he Relation Between the Structure of Arachnoid Villi and Their Functions. KEasLey WeLcH and VERNER 
FrieDMAN, Denver. 
fetabolic Response to Intracranial Surgery. R. L. McLaurin, Lionet Kine, and Forrest Tutor, Cincinnati. 
Selection of Anticancer Agents for Regional Brain Cancer Perfusion. M. S. MAHALEyY, JR., BARNES WOODHALL, 
and H. KnisELy, Durham. 
Blood Pressure Recordings in Patients Undergoing Spinothalamic Tractotomy and Results of Square Wave 
Stimulation. D. N. Perese, E. Brown, and R. Bauer, Buffalo. 
he Significance and Nature of Pain in Tumors of the Spinal Cord. Gzorce Austin, Portland, Oregon. 
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Thursday, 1:30—3:00 p.m. 
NEUROLOGIC SURGERY (continued) 


Carotid and Vertebral Arteriography by the Subclavian Route: a Modified Percutaneous Technique. EUGEnr 
E. HERzBERGER and GeorcE W. SmitH, Augusta. 

A Study of the Proximal Portion of the Anterior Cerebral Artery: the Areas of the Brain It Supplies. A. Z, 
Osrrowsk1, J. E. WessTEr, and E. S. Gurpjian, Detroit. 

An Experimental Method of Introducing Arterial Blood into the Subarachnoid Space in the Region of the 


Circle of Willis and a Study of its Effects. W. M. LoucHerep, Mary Tom, and E. H. Borrere.t, Toronto, } 


Temporary Clip Occlusion of Major Cerebral Arteries During Intracranial Aneurysm Surgery: Clinical and 
Postmortem Data. J. LawRENCE Poot, New York City. 

Surgical Treatment of Hemiballismus. O. J. Anpy and James BRowneE, Jackson. 

The Occurrence of Hyperkinetic Syndromes Following Thalamectomy and Pallidectomy. Rosert W. Rano 
and CHarLes MarkKuHAM, Los Angeles. 


Thursday, 1:30—5:00 p.m. 
OBSTETRICS AND GYNECOLOGY 


Diuretic Evaluations in the Toxemias of Pregnancy. FREDERICK P. ZuspAN, ALLAN C. Barnes, and J. D. Bet, 
Cleveland. 

Effects of Carbonic Anhydrase Inhibitors in Toxemias of Pregnancy. J. F. Aronso and Russett R. deALVaArzez, 
Seattle. 

Coagulation Abnormalities in Patients with Abruptio Placentae. Ropert L. Hatron, James HENRY FERGUSON, 
and Joun B. Miami. 

Serum Enzyme Alterations in Abruptio Plancentae. Witutam A. LittLe, New York City. 

Placental Transfer of Maternal Erythrocytes to the Fetal Circulation. J. L. Dunrine, K. Smrru, J. W. Greene, 
Jr., and Philadelphia. 

Tissue Reactions of Trophoblastic and Embryonic Transplants in the Pregnant Host. R. H. ANDRESEN, G. M. 
Hass, D. A. Mappen, and S. Pappas, Chicago. 

Observations on the Use of a Nonsteroidal Estrogen Antagonist: MER-25-. Ropert W. Kistner and O. W. 
Situ, Brookline. 

Effect of Enovid on the Human Ovary, Endometrium and Vaginal Smears During the Preovulatory Phase. 
Ators VasickA and FREDERICK J. RicHTER, Cleveland. 

Local Anesthesia for Dilatation and Curretage of the Uterus. J. RuTHERFoRD Biack, Philadelphia. 

Colposcopy in Gynecology and Obstetrics. RoBERT J. TRACE, JAMES H. Roi.ins, BarBara A. Brew, and MILTon 
L. McCatt, New Orleans. 

Precipitating Factors in Carcinoma of the Cervix. FRANK P. PALoucexk and Joun B. GranaM, Buffalo. 

Evaluation of Isolated and Total Body Perfusion Chemotherapy in the Treatment of Advanced Malignant 
Disease. James R. MAM, Freperic P. Herter, Henry C. Frick, MARGARET Lona, and ANTONIO DEMETZ, 
New York City. 

Cinefluorographic Study of the Role of Intraluminal Bowel Pressure on the Function of Mathisen Nipple 
Ureterosigmoidostomies. Kristaps J. KeGc1, ORLANDO F. GABRIELE, and Joun McL. Morris, New Haven. 


Motion Picture Program 


Monday, 8:30—11:40 a.m. 


Hospital Infection Control. U. 8. Army Surgical Research Unit, Brooke Army Medical Center. 

Recurrent Dislocation of the Shoulder. HERBERT F. Mosety, Montreal. 

Traumatic Aneurysm of the Carotid Artery. RicHarp W. Ecan, Buffalo. 

Total Esophagoplasty Utilizing the Left Colon. Ropert P. McBurney, Memphis. 

Technique for Scalenotomy. JoHn L. Mappen, New York. 

Quadricepsplasty. T. CampBeLL THompson, New York. 

Fire and Explosion Hazards with Flammable Anesthetics and Their Control. Gzorcr J. THomas, Pittsburgh. 

Removal of Parathyroid Adenomas for Hyperparathyroidism. Francis D. Moore, Boston. 

Anal Sphincter Preservation Procedure in Imperforate Anus with Low Rectovaginal Fistula. Patrick H. 
Han.ey, New Orleans. 


Tuesday, 1:00—4:37 p.m. 


Intravascular Irradiation of the Internal Mammary Nodes in Breast Cancer. RicHARD D. BrasFIELD, New York. 
Intraperitoneal Repair of Incisional Hernias with Marlex Mesh. Francis CowciLt Usuer, Houston. 
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Fusiform Aneurysm of Aortic Arch, Resection and Replacement with Dacron Graft. MicHart E. DEBAKEY 
and GeorceE C. Morris, Jr., Houston. 

Ventricular Aneurysm Following Myocardial Infarction. Denton A. CooLrey, Houston. 

Arterial Lesions of the Upper Extremities. James D. Harpy, Jackson, Mississippi. 

Hands We Trust. Introduced by Tuurston E. Tureme, Ann Arbor. 

Autogenous Venous Shunt Graft for Peripheral Atherosclerotic Arterial Occlusion. W. ANDREW DaLeE, Nashville. 

Surgical Correction of Mitral Regurgitation. Ear.te B. Kay, Cleveland. 

Splenectomy and Splenorenal Shunt for Cirrhosis of the Liver and Bleeding Esophageal Varices. Ropert R. 
Linton, Brookline. 

Portacaval Shunt for Portal Hypertension and Esophageal Bleeding. Cu1_ton Crane, Boston. 

A New Approach to the Reduction of Intracranial Pressure with Urea Invert Sugar. MANUCHER JAvip, Madi- 
son, Wisconsin. 


Wednesday, 1:00—4:00 p.m. 


The Schauta-Amreich Radical Vaginal Operation for Cancer of the Cervix. Mi-ton L. McCa tt, Pittsburgh. 

Benign and Malignant Tumors of the Trachea and Bronchi. Pau, H. Hoiincer and KennetH C. JOHNSTON, 
Chicago. 

Endoscopic Diagnosis of Certain Lesions of the Lower Bowel. R. J. Jackmon, Rochester, Minnesota. 

Bleeding Meckel’s Diverticulum. Hucu B. Lynn, Louisville. 

Foregut Cyst of the Esophagus. Georce A. Hicoins, Jr., Kansas City, Missouri. 

Wedge Resection for Benign Gastric Ulcer. Ropert L. BrapLey, Huntington, West Virginia. 

Roux Y Pancreaticojejunostomy for Pancreatic Fistula. FRepEricK W. Preston, Chicago. 

Mesenteric Cyst. James D. Harpy, Jackson, Mississippi. 

Sleeve Resection of the Bronchus for Adenoma of Left Main Bronchus. O. THERON Ciacett, Rochester, 
Minnesota. 

Subtotal Colectomy with Anal Ileostomy: Two-Stage Procedure. Sam ScHNEIER, St. Louis. 

The Embryologic Development and Management of Bronchial Cleft Cysts and Sinuses. Witt1AM H. ReMine, 
Rochester, Minnesota. 

Pectus Excavatum. Hucu B. Lynn, Louisville. 


Thursday, 1:00—2:30 p.m. 


Suprapubic Transvesical Prostatectomy with Voiding from the Second Day. LEONARD V: SmiLtey, New York. 

Bassett Operation for Squamous Cell Carcinoma of Vulva. JosepH H. Pratt, Rochester, Minnesota. 

Direct Vision Coronary Endarterectomy for Angina Pectoris. WitLt1amM P. Loneomire, Jr., Jack A. CANNON, 
and ALBERT K. Karrtus, Los Angeles. 

Segmental Bronchial Resection with Preservation of Lung Function in Benign Disease. E. STANLEY CRAWFORD, 
Houston. 

Combined Endorectal Resection on Carcinoma of the Rectum. B. MARDEN Brack, Rochester, Minnesota. 

A Modified Technique of Right Colon Resection. Ropert B. Hiatt, New York. 


Thursday, 8:30—10:00 p.m. 


Rosert J. Correy, Washington, Presiding. 

Hands We Trust. A Motion Picture Describing the Education of a Surgeon. To be introduced by Loyat Davss, 
Chicago. 

Hospital Sepsis—a Communicable Disease. This film was a co-operative project of the American College of 
Surgeons, American Medical Association, American Hospital Association, and sponsored by Johnson and 
Johnson. Technical Advisor, Cart W. WALTER, Boston. To be introduced by Dr. WALTER, Boston, and 
Joun Henperson, New Brunswick, Medical Director, Johnson and Johnson. 


Friday, 8:30—11:30 a.m. 


Lung Biopsy with Use of Local Anesthesia. Jonn B. BLALocx, New Orleans. 

Repair of the Severed Tendon and Nerve. Joun H. Scuneewinp, Chicago. 

Free Tendon Graft to Dorsum of Hand. Joun H. ScHNEEwiND, Chicago. 

Surgery of the Adrenal Glands. WALTMAN WALTERS, and James T. PriestLey, Rochester, Minnesota. 

Management of Intracardiac Tumors. C. Freperick Kittie, James E. Crockett, THEopore L. BACHELDER, 
and Don R. Mixter, Kansas City, Kansas. 

Hypertrophic Duodenal Stenosis. RowENA SPENCER, New Orleans. 


a 
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Retroperitoneal Cystic Hygroma. Rowena Spencer. Narrated by ALvin M. Cotrar, New Orleans. 

Removal of Left Ventricular Myxoma. JEROME HAaRoip Kay and Rosert M. AnpErson, Los Angeles. 

Skin Grafting of Anal Fistula. E. S. R. HucHes, Melbourne, Australia. 

Management of Burns, Part I—Supportive Care. Management of Burns, Part II—Local Care. U. S. Army 
Surgical Research Unit, Fort Sam Houston. Narrated by Epwarp H. VocEL, Jr. 


Friday, 1:00—1:40 p.m. 


Management of Burns—Part III, Skin Grafting. Management of Burns—Part IV, Rehabilitation. U. S. Army 
Surgical Research Unit, Fort Sam Houston. 

Aortic Resection for Abdominal Aneurysms. JouN Wo MA, JR., and Epwarp B. Rowe, Galveston. 

Infradiaphragmatic Resection of Vagus Nerves with Gastroenterostomy. Joun L. MappEn, New York. 

Carcinoma of the Vulva. Howarp ULFELDER, Boston. 

Vaginal Repair of Urethrovaginal Fistula. James W. Merricks, BuRNELL V. REANEY, CLARENCE C. CLoss, 
and FRANK B. Papierntak, Chicago. 

Hernia Repair with Nylon Mesh. Joun R. Paine and Ricuarp H. Apter, Buffalo. 

Fire and Explosion Hazards with Flammable Anesthetics and Their Control. Gzorcr J. THomas, Pittsburgh. 


Motion Picture Symposium on Spectacular Problems in Surgery 
Tuesday, 7:30—10:00 p.m. 


Rupotr J. Noer, Louisville, Presiding. 

Jejunal Intussusception Due to Polypoid Leiomyoma in Infant. Hucu B. Lynn, Louisville. 

Pheochromocytoma Associated with Von Recklinghausen’s Neurofibromatosis. James D. Harpy and James 
C. GrirFen, JR., Jackson, Mississippi. 

Hypoglycemia Due to Fibrous Mesothelioma. STANLEY R. Friesen, Kansas City, Kansas. Don R. MILLER, 
Narrating. 

Biliary Cyst Liver. ALvin B. Ortner, Louisville. 

Jejunal Diaphragm Obstruction in Infant. Ciirrorp D. Benson, Detroit. 

Massive Abdominal Metastasis from Testicular Choriocarcinoma. WiLL1AM H. Reming, Rochester, Minnesota. 

Spinal Fluid Fistula Resulting from Congenital Anomalies. FREpERIcK E. Krepe, Charleston, South Carolina. 

Endarterectomy. Orro H. Tripret, Chicago. 

Kidney Transplant. Davin M. Hume, Richmond. 

Atresia of Vagina with Hydrometrocolpos. RowENA SPENCER, New Orleans. 

Congenital Absence of Sternum. L. KEELrEy, Chicago. 

Cyst of Adrenal. CHartes W. Mayo, Rochester, Minnesota. 

Surgical Treatment of Renal Hypertension. C. Morris, E. DeBakey, Denton A. Coo.ey, 
and E. SraNLEY CRAwrorD, Houston. 

Duplication in Triplicate of Gastrointestinal Tract. Hucu B. Lynn, Louisville. 

Unguided Missiles: Power Lawn Mower Injuries. Watts R. Wess, Jackson, Mississippi. 

Total Anomalous Drainage of Pulmonary Veins; One Step Surgical Correction. Denton A. Cootey, Houston. 

A Syndrome of Congenital Defects Involving Abdominal Wall, Sternum, Diaphragm, Pericardium, Heart. 
Donatp G. Mutper, Los Angeles. 


Symposium on Graduate Traming in Surgery and in the 
Surgical Specialties 
Thursday, 1:30—3:00 p.m. 


Rosert M. ZoLuincer, Columbus, Presiding. 

Evaluation of Resident Training by Annual Oral Examinations. Rocer D. Witttams, Columbus. 

Ward Rounds in Community Hospitals. E. THurston Tuteme, Ann Arbor. 

Training in General Surgery for Specialty Residents: 

Moderator: Ropert M. Columbus. 

Panel: J. HARTWELL Harrison, Boston, Harry P. ScHenck, Philadelphia, H. Witt1am Scorr, JR., Nashville, 
and Frank E. Wuiracre, Nashville. 
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